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STANDARDS 
LABORATORY 


Measurements of mechanical and electrical 
properties are made with a wide range of pre- 
cision depending on the specifications for the 
product under manufacture. Often, the estab- 
lished pattern of specialization in industry re- 
sults for instance in the production of mating 
parts, such as screws and nuts, in different 
locations. Nevertheless, these mating parts 
must be coordinated as to size and material to 
fit together and support the designed load re- 
gardless of where, when, and under what con- 


ditions they are manufactured. 


In high-output economical production on 
automatic machines, it is not safe to assume 
that the cutting tools retain their original 
sharpness and dimensions, or that the ma- 
chines remain in adjustment indefinitely. It is 
necessary that the work and the tools them- 
selves be checked from time-to-time against 
production gages to avoid out-of-tolerance 
performance. 

In time, the production gages may wear 
and are in turn checked by master gages that 
are used only for this purpose. It is to the test- 
ing and certifying of these master gages and 
the corresponding electrical devices that the 
ITT Standards Laboratory is dedicated. The 
following description of its facilities is divided 
into two parts, the first on mechanical and the 
second on electrical precision testing. 





1. Mechanical Laboratory 


In the field of mechanical measurement, the 
fundamental unit is that of length. Perhaps with 
the exception of hardness, all tests are in terms of 
dimensions. Consequently, it is the first prerequi- 
site that facilities be available to provide an ab- 
solute standard for length that can be compared 
and transferred to other standards directly suited 
to the various tests, many of which are basically 
comparisons of master and unknown gages. 

In many fields of measurement, particularly 
those involving length and time, science is increas- 


ingly coming to rely on atomic physics. One im- 


< 
oS". 


portant discovery is that each atomic element when 


sufficiently excited, say electrically, radiates dis- 


Entrance is made to the mechanical 
laboratory through an interlocked com- 
partment in which all dust and lint is 
blown from the clothing of an individ- 
ual; absolute cleanliness is necessary 
to assure accuracy of measurements. 


crete frequencies; for a given element, the fre- 
quencies never vary and they have been measured 
to great accuracy. These frequencies have become 
our standard measure of time—the wavelengths 
corresponding to them are our primary measure 
of length. 


The Weights 


Measures has decreed that the standard of length 


International Bureau of and 
is established by the wavelength of one emission 
line in the red region of the visible light given off 
from an electric discharge between cadmium elec- 
trodes. This wavelength, being both unvarying 


under constant conditions and readily produced by 


simple means, is an ideal standard of length. It 


is particularly well suited to the measurement of 


very-small dimensions. 
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1.1 GAGE BLocKs 


In the Carl Zeiss, Koester’s Absolute Interfer- 
ometer, shown on the facing page, is established 
the calibration of reference gage blocks to an ac- 
curacy of better than + 0.000 002 inch (0.000 051 
millimeter). These blocks are used in industry 
and science as reference standards of length. The 
“working”’ blocks are periodically checked against 
these masters. 
In the interferometer, the exact length of a 
block and its parallelism are measured in terms wavelength of light 
of the wavelengths corresponding to 6 frequencies depending on humidity, barometric pressure, 
in the visible part of the emission spectrum of the temperature, a correction factor will be obtained 
rare gas, helium. barometer 


In the photograph, the physicist rechecks the mo | 1 the back corners 


1 
} 


Lic 


temperatures within the instrument to within 0.01 The interferometer is t 


degree centigrade after making a measurement. the accuracy of all measurement 


He will determine the dimensions of the block using mechanical laboratory. 


Gage blocks can be intercompared to within + 0.000001 inch (0.000025 millimeter) on the Pratt and 
Whitney Electrolimit Gage. 
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The interference microscope 
measures the surface finish of 
gage blocks and other polished 
surfaces. A 600-diameter en- 
largement of the view through 
the instrument is shown at the 
left. The average widths of the 
dark bands in the enlargement 
indicate that the scratches are 
3 to 4 microns deep; to the 
eye, the surface is smooth and 
highly polished. 





Optical flats like those shown above can be used _as nearly perfect as possible; the curved unevenly 
to determine the flatness of small objects. The spaced bands on the surface of the gage block 
straight parallel bands indicate that the flats are shown below indicate that it is very badly worn. 














1.2 THREADED SET PLUGS AND RING GAGES 


Usually, three features of threaded set plugs 


are checked for wear. In general, it is unnecessary 


to test for surface finish and hardness. 

The first check, of pitch diameter, is made on 
the Pratt and Whitney standard measuring ma- 
chine (opposite page). The plug with thread- 
measuring wires inserted between the threads and 
the measuring anvils is held under a prescribed 


pressure. The measurement over the wires is in- 


to within 0.000 01 
inch (0.000 25 millimeter). The 


dicated by the calibrated scale 
correction allow- 
ing for the thread-measuring wires is then sub- 


tracted to give the pitch diameter. Several meas- 


urements are taken along the plug. 
The second test (below) is « 

e 1 1 1 
measuring machine in which a probe travels along 
the threaded part of the plug to disclose pitch in- 
accuracies of less than 0.0001 inch (0.0025 milli- 


meter 





Thread shape is then 
compared with a mas- 


ter template on a Leitz 


toolmaker’s microscope 
(left and above). 
Threaded ring gages 
are checked against set 
plugs, this having been 
established as being the 
most practicable method. 





1.3 PLAIN SET 


PLUGS AND RING GAGES 


The diameter and roundness of the 


measured on the Pratt and Whitney standard meas 
uring machine. The ring gage is checked for di 
ameter, roundness, and taper in the Leitz Perflec- 
tometer, which through two microscopes measures 
the d 


evice under test against an accurately cali- 


plug are 


brated scale. It will measure roundness, 
and external curved surfaces, length, linear 
dimensions between the range of 0.004 to 8 inches 
(0.01 to 20 centimeters ) 


internal 


of-round- 


iole, up to 1.2 
(3-centimeters) deep, can be direct 


On the 


Taper and out 


ness at any depth inside a | 


vy measured. 
wall are the laboratory air-conditioning 
temperature and humidity controls and recorder. 








1.5 MASTER GEARS 


The Leitz optical dividing head spindle will 
mount a chuck if desired to hold the item being 
tested. A reference probe is used to index rota- 
tion. The instrument permits angle to be deter- 
mined to within 2 seconds of arc. The head may 


be tilted to any angle between the horizontal and 


vertical positions, the particular angle being in- 


dicated to within 30 seconds of are. 





are available 
hardness 
‘he Tukon machine, 
noop 
mond-pyramid 
shown here. Knoop impr: 


is shown with a human 


for comparison. 





1.7 SURFACE ROUGHNESS 


A Talysurf instrument is used to 


measure surface roughness in 
inches and produces a permanent rec- 
ord of each test. A recording of a rela- 


tively rough surface is also shown. 





1.7 FLATNESS AND SMALL ANGLES 


The autocollimator is an ingenious device 


in which a projected image of a pair of cross- 


hairs within the instrument is reflected from 
mirrors to return to the instrument for ob- 
servation. Tilting of a mirror displaces the 
returned image (as shown at the left) and 
the amount of displacement can be accurately 
measured. In the photograph below, the physi- 
cist is checking the flatness of the surface along 
the far edge of the stone table. He moves 

mirror nearest him along it and takes a progres- 


sive series of readings. 





Over-all view of mechanical laboratory. 
1.8 TypicAL MECHANICAL MEASUREMENT CAPABILITIES 


Measuremetr Range 


Gage Blocks to 5 Inches (125 Millimeters t+ (0.000 002 Inch (0.000 051 Millimeter 
ngth 
\bove 5 Inches (125 Millimeters +(0.000 01 to +0.00002 Inch (0.00025 to 


0.000 51 Millimeter) Depending on Length 


Gage Blocks +0.000 002 Inch (0.000051 Millimeter 
Better 


*Larger Surfaces or Angular Displace ts | +0.000 005 Inch (0.000 13 Millimeter) or 0.1 
| Second 


| Full Circle (0 to 360 Degrees) +2 Seconds or Better 


Angk | 
Small Angles to 10 Minutes | +0.2 Second 


Surface Finish Small Reflective Items or Silvered Replicas 0.000 01 to 0.000 002 Inch (0.000 25 to 
|} 0.000 051 Millimeter 


Surface Roughness Peak-to-Peak 0.002 Inch (0.05 Millimeter) | +0.000 001 to +0.000 01 Inch (0.000 025 to 
and Below |} 0.00025 Millimeter), Depending on Rough- 


ness 


Full Range of Knoop, Vickers Tukon +0.0002 to +0.0009 Millimeter Im- 
pression Length 


Hardness | 


Full Range of Rockwell Rockwell +0.5 te +1.5 Scale Numbers 


Lead \ll Threads to 80 per Inch (30 per Centimeter +0.000 02 Inch (0.000 51 Millimeter 


Pitch Diameter | To 13 Inches (3.3 Centimeters | +0.000 01 to +0.00002 Inch (0.00025 to 
0.000 51 Millimeter), Depending on Diameter 





Levelness | *Surface Above 6.5 by 3 Inches (165 by Angle of Inclination to +1 Second of Arc 
Millimeters) 


* Portable equipment. 


1960 © Volume 36 Number 2 ¢* ELECTRICAL COMMUNICATION 





‘A10zesOgeR] [eotueYyIeW ay} Aq pejpueYy yxiom yeo1dA} sui0s 





2. Electrical Measurements 


The accuracy that can be obtained and that is 
required in electrical testing is in general much 
lower than that characterizing the mechanical field. 


“Parts per million” usually is replaced by 


“parts 
per thousand” for electrical measurements except 
tor frequency. 

Che possibility of contact potential or resistance 
and the existence of interfering electric and mag- 
netic fields that may induce voltages and currents 
of significant intensity in equipment under test 
place unusual responsibility on the engineer for 
the arranging, connecting, and shielding of the test 


apparatus. Thus, the technique of measuring is 


highly important and may, if faulty, produce er- 


rors greatly in excess of those inherent in the 


standards to which the unknown is beirg com- 


pared. Similarly, the equipment must be effectively 


guarded against deterioration. 


2.1 VOLTAGE, CURRENT, AND POWER 


The laboratory standard of voltage employs 
unsaturated-type standard cells that have been 
National Standards 


They produce voltages that are 


certified by the Bureau of 


known to within 
0.01 percent. 


> 


Leeds and Northrup K-3 potentiometers (be- 


low ) are used with standard-cell reference voltages 
for both voltage and current measurements. The 
test bench shown has two positions, one for voltage 
determination and the other for current measure- 


ment; for calibration 


they are used simultaneously 


of power-measuring devices. 





For microvolt measurements, a Wenner poten- 
tiometer (above) is used. 


Voltage and current measurements at frequen- 
cies up to 15000 cycles per second are made on a 
Sensitive Research transfer device (at left) em- 
ploying the Hermac principle. 





2.2 RESISTANCE 


Resistance measurements are made with a Leeds 
and Northrup type-4230 Anthony-Pattern Wheat- 


stone bridge as shown below. 
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2.3 REACTANCE 


Reactance standards consist of General Radio 


type-1482 inductors and Jahre standard capaci- 


tors, all of which have been certified by the Na- 
tional Bureau of Standards. The use of the stand- 
ard capacitors with a Leeds and Northrup capaci- 


tance and conductance bridge may be seen below. 
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2.4 FREQUENCY 


1960 


standards of frequency 


Volume 


r vadcas 


t 
L 


by the 


( 


i¢ 


( 


for the United 


itional Bureat 


measure 


ade Trequency 


A is set to the broadca 


Frequenci¢ s between 30 cvcle 


36 Number 2 


» 


ELECTRICAL 


1 


CoO 


second and 
leasured at 


second and 


NICATION 


600 megacycles per second can 


frequencies between 
megacyt les 


equipment 


30 


cycles 





Q 


N.B.S 
TRANSFER 


Since the calibration work of the electrical labo- The transfer elements above are such devices. 
ratory is accomplished mainly by comparison with The main requirement is that of stability of value. 
known quantities, the laboratory must maintain a The devices are periodically sent to the United 
set of laboratory reference standards of resistance, States’ National Bureau of Standards, where they 
are measured, their exact values determined, and 
they are then returned to the ITT Standards 


reactance, and voltage of many-times greater ac- 
curacy than the inspection equipment they are 
used to calibrate. Laboratory. 


Typical work handled in the electrical laboratory is shown on the opposite page. 
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An over-all view of the electrical section of the laboratory is shown on the opposite page. 


2.5 PHysicAL Layout oF LABORATORY 


Che ITT Standards Laboratory is a room within 


It is built within but completely 1solated 


a room. 


from vibration, shock, and the environmental con 
litions of the ITT Federal Division manufacturing 


1 


Clifton, New Jersey. The walls and ceil- 


el with special windows having heat 


insulating properties. The mechanical 


slab Or 


60-ton 


(54-tonne ) 


(31 


floor is a 


poratory 


reinforced concrete 12-inches centimeters 


1 Ohm to 11 Megohms 
1 Picofarad to 1.1 
00001 and 0.1 


Micromhos at 


Microfarads 
ind Conducta 


| requene 


0.1 Microhenry to 10 He 


nries at 1 


30 Cycles per Second to 600 Meg 


10 Microvolts to 750 Volts 


10 Millivolts to 
Me thod 


750 Volts by 
Electrodynamometers 


1500 Volts 
Second 


0.3 to Direct Curre 


10 Mic roamperes to 50 \mpere 


10 Microamperes to 50 
Current Method 


0.002 to 20 Ampere 
SEC ond 


s, Direct ¢ urre 


lo 3000 Watts by 
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it Power | u 
es Between 0 d 


ies to 50 Kilocycles per Sec 


Reverse 


ind 


\mperes 


Reverse Direct-C 


thick floating on a vibrati material 


bing 


that, in turn, 1s in a concrete-lined pit in the earth. 


Flexible material around its edges isolates 


ie floor 
t 


Air conditioning 


from the walls and plant floor. 


filtering maintains the mechanical 


with special 


degrees tigré 


laboratory at 20 cen 


trical laboratory at 


standar 


recognized 


} 


he laboratories 


preventing dust 


tors Betwee 
300 


Kilocycle per 


Ther: 


to 


\ Reverse 
les per 


5 Kilocy 


Method 


irrent 
irre 
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Standards Laboratory—( )peration 


sy SAMUEL SILVERMAN 


ITT Standards Laboratory, 


ASS production of equipment, partic- 


ularly for the armed services, has 

demanded increasing requirements of 
measuring techniques and instruments to permit 
components and assemblies to be interchangeable 
both elec trically and physically even though they 
may be produced in different plants. 


In 


between the techniques and instruments cur- 


the main, there is little or no difference 
rently employed in manufacturing to test and 
evaluate the produced equipment and those em- 
ploved by the laboratories in the development ol 
the prototype units. The design dimensions and 
tolerances later become production specifications 
and a discrepancy, no matter how slight, can 
result in a disastrous failure. Employment of a 
an authoritative 


standardizing laboratory as 


reference will preclude any disagreement of 
measurement between engineering and manufac- 
turing. 


The Air Materiel 


neccessity for agreement of measurements among 


Command, realizing the 


contractors and various governmental agencies, 
issued a directive stating that all measurements 
shall be directly or the 
United States’ National Bureau of Standards. 
Che National Bureau of Standards is limited 


do 


related indirectly to 


in the amount of calibration work it can 


directly for industry and urges the establishment 
serve 


of standardizing laboratories that would 


industry in general and be served in turn by the 
Bureau. 
In 1957, the ITT 


set up to provide calibration service to the IT] 


Standards Laboratory was 


Svstem and to others. It, in turn, relies on the 
National Bureau of Standards for the calibration 


of its laboratory reference standards. 


1. Classification of Standards 


The National Bureau of Standards points out 
that such adjec tives as primary , SEC ondar\ 3 basic 3 
fundamental, and absolute have become mean 
ingless through misuse. Therefore the Bureau has 


developed a new nomenclature as a substitute for 


ELECTRICAL 


COMMUNICATION « 


Clifton, New Jersey 


the older and now imprecise terminology. Its 


statements! on this subject follow. 

“Standards are classified into categories under 
this system, the first category being the prototype 
category that includes the arbitrary and indepen- 
dent standards of length, mass, time, and tem- 
perature on which our measuring practices are 
based. The other standards, defined in terms of 
the prototypes, are classified in derived, calibra- 
tion, and instrument categories. A fifth category, 
called standard materials, includes pure chem- 
other materials that are not de- 


icals and 


standards of the 


the Bureau 


fined in terms of prototype 


category. The items that has been 
supplying under the standard sample program 
fall into the categories of calibration standards 
or standard materials. 


“Within 


ranked as national standards, 


each category, the standards are 


national reference 
standards, and national working standards. It is 
that 


operating with the Bureau rank their standards 


suggested standardizing laboratories co- 


within each cateyory as laboratory reference 


standards and laboratory working standards.”’ 


2. Types of Standards Laboratories 


Standards laboratories may be classified in two 
categories. One type is designed to provide the 
very-highest order of accuracy. Complexity of 
equipment and of methods of measurement are 
necessary. kor electrical measurements they will 
maintain such things as a bank of normal cells 
with the associated temperature-stabilized oven, 
standard cell comparators, and standard resistors 
immersed in a temperature-stabilized oil bath. 
Facilities 


are also available for performing re 


search to advance the art of measurements, call- 


bration, and instrumentation. This is the Na- 


tional Bureau of Standards type. 
he other type of standards laboratory func- 
tions primarily to fulfill the calibration needs of 


industry. The equipment consists mainly of 


Bureau of Stand 
Publication 


National 
Miscellaneous 


Highlights of 
IR port 1958, 


“Research 
irds,”’ Annual 


226: page Q6 
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ITT STANDARDS LABORATORY 


WORK REQUEST 


ITEM Lolyrangesr — on DATE _ wlerlsi 
vanuracturer__Senseteve Heseanch — aoa) CERP SND. dee JIFB 


MODEL/SER. NO. Ay 8O4S5S9/ ss conmmot so. 6-77 SOY 
REQUEST BY Ftosa melea sé EP. O2¢G ° 


ocarton_@.C, Labonatorg __ islam OM raises 


SERVICE DESIRED 


ncaa npn see £ auc 














STANDARDS/INSTRUMENTS USED SANS, RES. MOOEL + THACH /_ 30 YIRG 











COMMENTS = siti bs y J, rioal 


(Poges AOFYUSTED CHCCKED Dyce igen dale? 





, 2a e Ss. 
RECEIVED BY pate startep_//* JC 59 


SHIPPING NO, eae DATE compteten /e 30, SF 


4 
CARRIER TIMB FA ____ HOURS_ 


OL /) 
retest pate_“4#RC4 /e “FEO <i pxamtner_©-Wert 


Work request form submitted with each job. 
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ITEM_ 


MANUPACTURER 





MODEL/SER NO. 


De 


ITT STANDARDS LABORATORY 


METPR Wo 


YoLIMe TEC 


WE STON ; 


eS 


RK SHEET 


(ZR. 


DATE ———— 


LY. 5° 


lo 3 


CERT NO. E 


CONTROL NO,——— 





METER AQCURACY__ 


MECH ZER( 


ADJUST 


FULL 
SCALE 
VOLTS « 


pate 3.2¥: GO 
FX 470 


Work sheet on which the 


F.S. DIVISIONS 


BALANCE 


a 





STAND 
VOLT: 
MULTI Pe; 


—+ — — 


TOLER AME 


Vezers 


——_——-~-+ 


9 / SO 1 | peol7S _ |Fe0375 | —- oe 
| ~O2 a 4.0975 i 
[4502s |2. 0375 | | 


i ae eave [Ee oie. 


paca 


—-+— és 





\O/FFe RENE 


VOLTS: 


[. o/1s 
7008s 
+, 0086 





examtner__©-Weuee 


laboratory staff enters calibration data and makes all necessary calet 


It is attached to the work request form 
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working standards calibrated against reference 
standards that are periodically certified by the 


National Bureau of Standards. 


3. ITT Standards Laboratory 


IVP Standards Laboratory may be classified 
as one employing laboratory reference standards 
certified by the National Bureau of Standards for 
calibrating its laboratory working standards. The 
working standards are used to check the measur- 
ing equipment submitted to the laboratory for 
calibration. 

Betore proceeding with the establishment of 
the standards laboratory, much valuable infor- 
mation and advice was obtained from the Na- 
tional Bureau of Standards and from manufac- 
turers of precision measuring equipment. The 
general policy was to acquire instruments pro- 
duced by long-established reputable companies. 
Only stability, 


repeatability of setting, reliability, and suitable 


instruments with a history of 


for accurate comparison with the standards ot 
the National Bureau of Standards were selected. 

lo ensure that the choice of equipment and 
methods were suited to the needs of a represent- 


ative factory, surveys were made to determine 


the adequacy and range of the measurement 


capabilities of the test maintenance, quality 


control, and tool inspection services of the ITT 
kederal Division, in whose plant the standards 


laboratory would be housed. The test mainte- 


nance group, reporting to test engineering, is 


responsible for the inventory, maintenance, and 


calibration of all special and conventional test 


equipment. The quality-control laboratory, be- 


side other functions, performs evaluation tests, 


including shock, vibration, and environmental 


tests of purchased items. The metallurgical and 


chemistry laboratory is under the jurisdiction of 


the quality-control department. The tool-inspec- 
tion department of the fabrication division is 


accountable for the accuracy and condition of 


; ; 
the mechanical gages 


Studies of the existing measuring facilities 


served as a guide in the selection of standardizing 


equipment, particularly with regard to the 


avoidance of duplication and assurance that 


there would be no gaps in the ranges ol required 


services. 
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\ detailed description of the standards labora- 


tory is given in the first article in this issue 


!. Responsibility for Calibrations 


Che heads of the standards laboratory, quality 


control, test engineering, and engineering of 
manufacture agreed on which group was to be 
accountable for the calibration of the electrical 
instruments and mechanical gages. The decisions 
were based in large part on the degree of accuracy 
of the calibration instruments then immediately 
available to these various groups. 

lo affix the responsibility for the calibration 
of the mechanical gages was relatively simple. 
\ll master, reference, and other prec ise gages 
and certified by the 


would be standardized 


standards laboratory. These include gage blocks, 
setting plugs, plain ring gages, vernier calipers, 
vernier height gages, large surface plates, thread 


ind gear measuring wires, and other instruments 


employed by the tool-inspection group to cali- 


brate inspection vyaves. The yaves classified as 


inspection gages such as hand micrometers, 


thread-ring gages, and others are calibrated by 
the tool-inspection department. The recalibration 
periods tor all gages are determined by engineer- 
ing of manufacture. 

Due to the complexity and the wide range of 


the electronic test equipment, it was difficult to 


arrive at a clear-cut division of responsibility 


between the standards laboratory and the test 


maintenance group. Here, instead of establishing 


the responsibility for each instrument, the ac- 


curacy ranges, functions, or applications were 


used to set up ¢ lassifications or families of elec- 


trical equipment. For example, the direct-current 


voltmeter may be any one of several types, such 
is: electrodynamometer, vacuum tube, thermo- 


couple, electrostatic, digital, iron vane, and 


potentiometer, with accuracies ranging from 


within 0.01 percent to over 3 percent. 

\fter weighing very carefully the many facets 
of the electrical calibration problem, it was 
agreed that the standards laboratory would certify 
indicating-type ammeters, voltmeters, and watt- 
meters having accuracy ratings of 0.75 percent 
or better, impedance decade boxes, bridges, Q 
meters, digital instruments, and working stand- 
and conventional test instru- 


ards. Production 


ments, multitesters, vacuum-tube voltmeters, and 
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special test equipment are calibrated by the test 
maintenance group. The periods for recalibration 


are determined by test engineering. 


Work sheets are provided for all calculations 
or calibration data. These sheets are permanently 


attached to the work-request form and filed. 





rc 


JAN. | FEB. 


ITEM - DESCRIPTION 
Al ALU 
. MANUFACTURED BY 
Wses7TeVv 
- MODEL AND SERIALNO. | 
C2 LSTE 
USED .ON/ OR WITH 


MAR. JUNE 


2TY 


APR. MAY 


—_— 


eA 


SALES ORDER 





FT-1141 


6. SHOP OR PURCHASE ORDER 15 


CALIBRATION OR 


CONTROL / CALIBRATION RECORD 


OCT ..1 NOY. 


8. GOVERNMENT NO 


DEC 


JULY _| AUG, | SEPT. 
7. ITTF NO 


Fan Jf G Pee 
LOCATION 10 SUPE RVISOR 
1, LABS Do SAL 2/44 


11. UNIT COST 12. PROPERTY OF 


13. CALIBRATION SCHEDULE 14. DEPARTMENT CODE 
SSN TAA S 
CALIBRATION SPECIFICATION 
e 


9 


INSPECTION 


NEXT DUE REMARKS 


5 


SS 


iG = 
SS Ni Ni N 


ITT Sedera! Division 


Iwrannarionas Tevernowe ano Teveonarn aronanom 





Calibration control card. These cards are 


3. Operating Procedure 


For each item submitted for calibration, certifi- 
cation, or the determination of critical dimen- 
sions, a work-request form is prepared giving the 
description of the instrument, name of the super- 
visor, department, and the work to be performed. 
This information is entered in a log book where 
a number, prefixed by the letters JJ for mechan- 
ical and £ for electrical is assigned to the item. 
This number is also used as the certification or 
report number and is added to the work-request 
form and work sheets. 

The work-request form remains with the in- 
strument until all calibrations or measurements 


have 


are completed. There is noted on this form 
repairs or critical adjustments that may 
been required by the instrument and the labora- 
tory working standards employed in its cali- 


bration. 


ELECTRICAL 
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filed in the laboratory by dates on which rechecking is due 


\ calibration control card is maintained for 
each gage or instrument certified by the labora- 
«<lC- 


torv. These cards are filed chronologically 


cording to the date on which recalibration is due. 
In 


calibration schedule, the received date, calibra- 


addition to the accuracy specification and 
tion date, certificate number, and recalibration 
date are entered on the control card. All repairs 
are noted and, if detailed information is required, 
reference can be made to the work sheets. If an 
instrument is found to be unacceptable, the 
certificate number is entered under the reject 
column and no recalibration date is shown. 
Repairs on meter movements and associated 
elements such as shunts and multipliers are done 
by an instrument repairman who is assigned to 


the standards laboratory. A complete supply of 


replacement parts for most of the frequently 


used meters is maintained. These parts include 


such items as jewels, thermocouples, 


pivots, 


9 


- 
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complete movements, resistance wire, and Cases. 
Equipment repair, other than movements, is 
performed by the test maintenance group. 

Electrical instruments found unacceptable by 
the standards laboratory are sent to the test 
maintenance group for disposition. The decision 
will be whether the defective instrument should 
be returned to the manufacturer for repair or be 
scrapped. The unacceptable mechanical gages 
are turned over to engineering of manufacture 
lor disposition 

Certificates of measurement are issued when 
an instrument or gage meets the original manu- 
facturer’s specifications or other applicable speci- 
fications. A certificate sticker show ing the certifi- 
cate number and the recalibration due date js 
affixed to each certified instrument. A measure- 
ment report is issued for measurement of piece 
parts, components, or for limited calibration of 
multifunction meters. 

When an instrument or gage is not resubmitted 
tor checking to the laboratory on the due date, 


the staff quality-control group is notified. The 


quality-control department polices the calibra- 


surveillance of the 
calibration gages 


throughout the manufacturing division and also 


tion program by constant 


status of instruments and 


in the standards laboratorv. 


6. Calibration of Reference Standards 


The implementation of the standards labora- 
tory was carried out with the philosophy that the 
laboratory would be self-standardizing to as 
sreat an extent as possible. Where this is imprac- 
ticable, transfer reference standards periodically 
certified by the National Bureau of Standards 
are employed. 

Standard cells are shipped at least once a year 
to the National Bureau of Standards for certifica- 
tion. Not fewer than two standard cells are sent 
each time for certification so they can be cross- 
checked on the Wenner potentiometer to ascer- 
tain their condition on arrival from the Bureau. 
At all times, there are two certified standard cells 
on standby service functioning as references for 
comparison with the working cells. As the newly 
certified standard cells arrive from the Bureau, 
they become the reference cells and the previous 
working cells are sent to the Bureau for certifica- 
The then 


working cells. 


tion. older reference cells serve as 
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following 


National 


lhe laboratory also maintains the 


reference standards certified by the 
Bureau of Standards: 


Resistors from 0.001 to 10,000 ohms in decade 


steps. 
Inductors from 100 microhenries to 10 henries 
in decade steps. 
Capacitors from 10 picofarads to 1000 pico- 
farads in decade steps. An adjustable capacitor 
whose setting can be determined to within 0.01 


picofarad over the range from 6 to 20 picofarads. 


\_ STANDARDS LABORATORY , 
\ CLIFTON. N. J 
XN 7 
~ = al 


~ 
~ - 


rhe sticker that goes on each certified instrument 


identify its laboratory file also gives the date for 


checking. 
certifications of these 


The between 


laboratory reference standards by the Bureau is 


period 
not greater than 18 months. They are employed 
to standardize corresponding working standards 
and other laboratory working standards such as 
impedance bridges and decades. All laboratory 
working standards are calibrated at least every 
12 months. 

For mechanical dimensional standards, a 121- 
block set of 
by the National Bureau of Standards and sub- 


sequently checked on the Carl Zeiss Koester’s 


AA gage blocks have been certified 


Interferometer at the laboratory. These master 
gage blocks are used to calibrate the inspection 
gage blocks and mechanical instruments of the 
laboratory once a year. 

Thus, all 
standards laboratory can be related directly or 
indirectly to the National Bureau of Standards. 


measurements performed by the 


7. Other Functions 


Need for special measurements may arise as a 
result of problems encountered either in engi- 
neering or manufacturing. If the accuracy and 


the urgency dictate, such measurements may be 


ELECTRICAL COMMUNICATION 











QUALITY CONTROL-LAB. 


INC. INSPECTION — 
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performed by the standards laboratory. Also, in 


cases of disagreement of measurements between 
departments, the standards laboratory functions 
as the final arbiter. 

By maintaining contact with product and test 
engineering, the laboratory is informed of future 
calibration needs and can prepare for them in 
advance. At the same time, recommendations are 
made to these departments regarding the type 
of instruments best suited to their unusual needs. 

Calibration and certification services are avail- 
able to companies outside of the FTP system. 
\Mlany companies that cannot justify the cost of 
acquiring the necessary equipment and personnel 


] 


for calibrating their working standards and in- 


struments rely on the ITT Standards Laboratory 
for this service. 


he several other [TT divisions periodically 


On the fa is shown one of the cabinets in which 


Ing page 


ished work is placed awaiting return to the various 


dicated departments 
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send their accurate measuring instruments in for 
maintenance and certification. 
Despite the commonly held, but superficial, 


that standards are fixed and need never 


change, the increasing demands for accuracy of 


view 


industry and, particularly, of the armed services, 
make old ways inadequate and place a high value 
on better and simpler methods of measuring both 
electrical and mechanical dimensions with ever- 
higher precision. Though taking no direct part in 
the development, manufacture, and maintenance 
ol equipment, the standards laboratory is never- 
theless an essential element in the lengthy chain 
that permits the output of one worker or machine 
to fit adequately with that of all the others that 
are required to complete a device or a system. 


\n alert staff devoted to precision and well 


experienced in the prac tical problems ot accurate 


measurements is an essential part of such a 


laboratory. Without such personnel, the stand- 


ards laboratory would be only a storehouse of 


precise equipment of questionable value to 


industry. 
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Assessment and Control of Cathode Interface Impedance . 


By JOHN SEYMOUR 


1 Telephones 


RESENTLY, 


electronic valves employ an oxide-coated 


almost all receiving-type 
cathode that consists basically of a nickel 
sleeve carrying a coating of alkaline-earth oxides. 
Between the sleeve and coating there exists an 
interface layer whose effect on the cathode per- 
formance is normally negligible Guring the first 
thousand hours of operation. The structure of 
the cathode is illustrated in Figure 1, with its 
equivalent electrical circuit. 
In general, the coating behaves as an n-type 


semiconductor whose impurity centres are free 


DE SLEEVE 


VI ELLALLLL 


Figure 1 


of the oxide-coated cathode 


Structure and equivalent circuit 


metal ions caused by oxygen deficiencies in the 


lattice. It normally consists of an equimolar 


mixture of barium and strontium oxides with a 


little calcium oxide, which is activated by free 


barium ions. These are released in the coating 


through the action of reducing agents such as 
magnesium, silicon, and aluminium, which diffuse 
from the sleeve when the cathode temperature is 
raised to about 1300 degrees Kelvin during proc- 


essing. A typical reaction with the coating is 


Si + 4BaO = BaSiO, + 2Ba. (I 


This shows that barium orthosilicate is formed 
in addition to free barium, and this compound 


has been identified in the interface layer of 


cathodes based on sleeves containing § silicon. 


* Originally published under the title, 
Valves and Cathode Interface Impedance,” 
of Electronics and Control, First 
107-125; July, 1957 


“Computer 
in the Journal 


Series, volume 3, 


€ pages 
) 
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and Cables Limited; London, England 


\lso free barium will be released both in the layer 
and in the coating. During the life of the cathode 
at a temperature normally between 1000 and 
1100 degrees Kelvin, this reaction will proceed 
slowly until all the reducing agent is used up. At 
the same time barium will be lost by evaporation 
from the coating and replenished by diffusion 
from the interface layer. Eisenstein! has shown 
that barium orthosilicate is also an n-type semi- 
conductor, so that as the excess barium content 
of the interface layer is reduced, its resistance 
will rise until it reaches a limiting value deter- 
mined by its intrinsic resistivity. Values up to 
1000 ohm-—centimetres~? of coating have been 
observed for British valves. 

It is found that the rate of growth of the resist- 
ance is larger for higher cathode temperatures 
due to the higher rate of chemical action but is 
decreased when cathode current flows. This is 
probably due to the potential gradient between 
the and the emitting surface, 


cathode sleeve 


which opposes the flow of positively charged 
barium ions out of the interface layer. For this 
reason, computer valves that spend i large part 
of their lives in the quiescent state are particu 
larly prone to the build-up of interface resistance. 
As shown in Figure 1, the resistance is associ- 
ated with capacitance in parallel so that to a 
first approximation the valve ac quires a cathode 
time constant that may vary from about 5 X10 
to: 5 xX 410 


The value of interface resistance 2; is given by 


R pd De \ 2 ) 


§ second 


where 


p resistivity of the interface layer at the oper- 
ating temperature 
d = thickness of the layer 


§ coated area of the cathode. 


Thus, miniature valves with small cathode areas 


will be particularly prone to deterioration 


through interface development. 


\. Eisenstein, ‘‘Leaky-Condenser Oxide Cathode Inter- 
face,"’ Journal of Applied Physics, volume 22, pages 138 
148; February, 1951. 
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The effect of interface layers was first observed 
with cathodes from which pulse currents of high 
density were drawn. Under these conditions high 


potential gradients were produced across the 


layer, preventing the maximum current being 
drawn from the cathode and distorting the pulse 
shape. In extreme cases the Joule heating effect 
would cause sparking and damage to the cathode. 
The distortion that results from drawing current 
from a cathode with a high interface resistance 
is illustrated in Figure 2, where B is the current 
pulse from triode 2 of a high-slope double triode 
with a measured interface resistance of 630 ohms. 
This may be compared with Figure 2A, which is 
the pulse current from triode /, which although 
in the same valve, had no measurable interface 
resistance. The triodes were diode-connected in 
each case and the same pulse voltage applied. 
The rapid leading-edge decay and lower final 
current are evident for the triode with interface 
resistance. These effects are simulated in triode / 
by inserting a 600-ohm resistor in parallel with a 
0-001-microfarad capacitor in the cathode lead, 
as illustrated in Figure 2C. This distortion will 
also occur if the valve is operated as a triode and 
a rectangular pulse signal is applied to the control 
grid, so that the output from a pulse amplifier 
will be seriously affected if any one of its valves 
has grown a high value of interface resistance. 
\nother effect of interface resistance is to place 
additional cathode bias on the valve. This will 
result in a fall of anode current, which may be 
serious when only a little bias is already em- 
ployed, and also a lowering of the mutual con- 
The 


will be frequency -dependent so that the effective 


ductance by negative feedback. feedback 


mutual conductance is given by 


where 


R;’ real component of the interface impedance 
2», mutual conductance when &; is zero. 

At frequencies above about 10 megacycles per 
R,;’ 0, so 


about 10 kilocycles per second, FR,’ 


and below 
R,. As the 


limits, so R 


second, that Lm Lm, 


between these 


but it 


frequency varies 


has been shown? 


2]. R. Tillman, J. Butterworth, and R. E. Warren, ‘“De- 
pendence of Mutual Conductance on Frequency of Aged 
Oxide-Cathode Valves and Its Influence on their Transient 
Response,”’ Proceedings of the Institution of Electrical 
Engineers, volume 100, part 4, pages 8-15; October, 1953. 


varies from zero to &;, 
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Figure 2—Cathode current waveforms for the two sec- 
tions of the double triode for rectangular pulses of 10-micro- 
second duration repeated 50 times per second. A is for 
triode / having no interface impedance and producing a 
current of 68 milliamperes. B is for triode 2 and has a lead- 
ing-edge current of 33 milliamperes and a trailing-edge cur- 
rent of 15 milliamperes. C is for triode 7 with 600 ohms in 
the cathode lead. The 


are 50 and 20 milli- 


parallel with 0-001 microfarad in 
leading- and trailing-edge currents 


amperes respectively 
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that a more-complicated resistance-capacitance 
network than the simple parallel combination of 
Figure 1 is required to explain the dependence of 
R,’ on frequency. However, this stmple circuit is 


a useful approximation. 
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Figure 3—Values of interface resistance as a function 


time Direct-current me asurements were made 


I. Some Properties of Interface Resistance 


1.1 EFFECT OF CATHODE CURRENT 


Figure 3 illustrates the effect on the interface 
resistance of six high-slope pentodes of passing a 
current J; of 7 


cathode milliamperes with a 


heater voltage V;, of 6-3 volts. The resistances 
were measured by the direct-current method de- 
scribed in a later section, where /; 7 milli- 
amperes is needed to give the required mutual 
conductance for balance. The solid curves apply 
to three valves that had been run for 1000 hours 
with J, 12 milliamperes and V; 6:3 volts, 


while the dotted curves apply to three other 


valves that had been run for 1000 hours with 
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[ QO and IV, 8-0 volts. It may be seen that 


the valves in which 2. had increased with current 


flowing showed little change during measure- 


ment, while those that had been run under zero- 


current conditions could show a marked fall in 


R, during measurement. This behaviour is 


thought to be due to activation of the interface 


layer by barium ions diffusing back from the 


cathode coating 


1.2 EFFECT OF CATHODE TEMPERATURI 


Since the interface layer is a semiconductor, 


strongly 


should be temperature 


and V,, 


temperature, 1S 


its resistance 
The 


determines 


dey vendent. relation between R 


which the cathode 
illustrated in Figure 4 for the pentode and double- 
triode types mentioned above. Both groups had 
been run for about 6000 hours with / 0, the 
triodes at V) 6-3 volts and the pentodes at 
lV, 8-0 volts. The value of 2; is about doubled 


when JV), is lowered from 6-3 to 5-5 volts, while 


for a 10-per-cent variation of V, about the rated 


value of 6-3 volts, there is approximately a 40- 


per-cent variation of R,. 

Metson® has published a curve relating the de- 
pendence of cathode temperature on heater volt- 
age for a cathode of the pentode type and in 
valves 


Figure 5 the observed 2; values for four 


are plotted logarithmically against these tem- 


A straight-line relation is ob- 
the that 


perature values. 


tained, which tends to confirm view 





— 


6 
HEATER VO 


LTAGE 


Figure 4—-Interface resistance as a function of heater 


voltage. The two dashed curves are for two sections of 


a double triode and the two solid-line curves are for 


pentodes 


Metson, “Life of Oxide Cathodes in Modern Re 
sritish Post Office Research Report num 


G. H 
ceiving Valves,” 


ber 12 944; 1951 
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temperature 


the interface laver 1s semiconducting. These 
measurements were made using a pulse method 
desi ribed later. 


) 


1.3 EFFECT OF RUNNING CONDITIONS 


Figure 6 shows the effect on the growth of R 
of running pentodes at normal cathode tempera- 
ture with zero and normal cathode current, and 
also at increased cathode temperature and zero 
cathode current. The curves were plotted from 
points representing the mean of four values. At 
normal cathode temperature there is a small 
difference between the effect of zero and normal 
cathode current on FR; growth, but when the 
temperature 1s increased to about 1150 degrees 
Kelvin at V 8-0 volts, the rate of growth of 
Rk; is greatly increased and the curve shows signs 
$700 hours. As 


MWICcrease inl 


) 


of saturation at 230 ohms and 


outlined above, the resistance 1S 


thought to be due to the loss of barium ions 


from the interface layer; this process will occur 
more rapidly as cathode temperature is increased, 
but will be retarded as cathode current is in- 
creased. However, heat will be dissipated in the 
the current and 


electrode collecting some as 


molecules will be liberated; as a result, gas ions 
will enter the cathode and combine with barium 
ions in the coating and interface laver so that the 
activating effect of the current will be counter- 
acted. Hence, there may be only a small differ- 
ence in the rate of growth of &,; between zero and 
normal-current life conditions at normal cathode 
temperature. 

When all the barium ions have been removed 


from the interface layer due to diffusion into the 
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coating and recombinatio1 the 


interface resistance should remain constant at 


} 


value unless cathode current « 


been re At hed 


LuSes 


its highest 


it to fall. This state ippears to have 


on the valves run at V; 8-0 volts and it is ap- 


parent that it will be many thousands of hours 


> 


is reached at | 6:3 For this 


cathode 


volts 
high 


differences 


betore it 


t 


reason, accelerated life tests at 


temperature are useful to indicat 


in the rate of 2, growth between different cathode 


materials, since the time required to reach a 


limiting value is short 


compared with 


normal temperature. 


2. Methods of Measuring Interface 


Resistance 


2.1 DIRECT-CURRENT METHODS 


The two main effects described above provide 


two different methods of 


resistance: namely, the 


conductance on frequency listortion of a 


rectangular voltage pulse. \Iethods based on the 


mutual conductance have been 


\letson, ; Kael she ld, 


reduction of 


described by ind others 


Metson 


Wagener, M olmes d M. R 
“Life of Ox thod 


Coated C in Mod 
March, 1952 
‘Method of 


nee of Oxide 
| ) 


1 Receiv- 


Measurit 
Cathode s.”’ Britis] urnal of D pl 1 ny , volume 


pages 318-320; November, 1951 
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and entail using the valve as an amplifier with a 


gain of less than unity, or a cathode follower. 


ads 
These may be called direct-current methods since 
direct cathode current flows during measurement. 

If the anode impedance of the valve is large 


compared with its load resistance R;, then at a 


high frequency where &,’ is negligible, the gain is 


S) gy (4 


At a lower frequency where &,’ 


>: IA, (1 wit 


where cathode current anode current 


it Bra 
So, 


ct 


increased by resistance kk, so that SS; 


Hence 


IX (0 


The circuit used to measure the values of / 


\ 
| 


a 1 


of the input signa 


for a triode 


Le 


Figure 7 
(R; 4 
is mixed with the output 


P. When the 


two signals are equal in 


is shown in 


known fraction 2, 
signal at 
amplitude and exactly 
180 degrees out of phase, 
a null signal is obtained 
at P, so that 


Si; R,/(R; 4 


» 
Xa 
\4 


and hen e 


In practice, 10 mega- 
cycles per second is used 
as the high frequency 
and 1 kilo vcle per sec- 
ond as the low frequency 
with separate amplifiers 
detectors for each 


The 


cy cle-per-second 


and 
signal 10-mega- 
ampli- 
fler is a conventional 
tuned-anode—tuned-grid 
type witha gain of about 
700, 


voltmeter, 


valve 
the 1 


kilocycle-per-second am- 


feeding a 


while 


is resistance 


plifier 


ELECTRICAL 


+250 


COMMUNIC 


capac itance coupled witha gain of about 100 000, 
connected toa cathode-ray-type tuning indicator 
Measurement of R; is effected by adjusting the 
cathode bias rheostat A, for null indication with 
the 10-megacycle-per-second input and with this 
setting of R s the decade box Ke is adjusted for 
a null with the 1-kilocycle-per-second input. 

values of 
at ] 
kiloeycle per second. This will occur when S, # 
S 


It is found on valves with very-low 


R; that it is not possible to obtain a null 


for then 


(9 


k 


R 


will occur 


resistance is introduced 


s. Ss 


so that a zero-errot! 
when 


180 


\ difference between and 


the anode and grid signals are not exactly 


degrees out of phase at each Irequency. At 10 
megacycles per second, this is due to the transit 


time of electrons from the control grid to the 


VOLTS 
Figure 7——-( 


direct-ct 
of 


irc uit for 


irrent measurement 


triode interface resistance 


Resistances are in ohms and 


capacitances in microfarad 


VALVE 
VOLTMETER 


10- 
R MEGACYCLE- 
a PER-SECOND 
DECADE AMPLIFIER 


1OO00-CYCLE- 
PER-SECOND 
AMPLIFIER 


INDICATOR 
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anode, distortion introduced by the valve, and 
valve and circuit stray capacitance. At 1 kilo- 
cycle per second, phase shift from 180 degrees is 
caused only by distortion of the input signal, 
which can be different from the 10-megacycle- 
per-second distortion since neither signal may be 
a true sine wave. The simplest way to determine 
Ry is to calibrate the apparatus for each valve 
type to be measured by inserting an artificial 
interface impedance in the cathode lead. This is 
a 0-01-micro- 


the decade box R by-passed by 


farad capacitor as shown in Figure 7. For a valve 


interface resistance, Rk,’ is determined 


Of KK. 


with low 


for a range of values 


Then, 
R.+ R 


Subtracting where 


for Rk Q), 


from (9 


Ke R Oo. (10 


Phe graph of R, against RK,’ R, is a graph of 


R, against Rk, and thus is the calibration curve. 
kor the pentode and each half of the double 


triode, the curves correspond to: 


Pentode 2 (3-96 a) Rk, 4 11 


Priode Rk Bh Wes 12 


is 1 ohm for the pentode and zero 
ohms for the triode. 

\part from the constant zero error, the great 
est source of inaccuracy arises from setting FR 
to obtain a null signal at 10 megacycles per sec- 
ond since an appreciable rotation of R, may pro- 
This 


results in an error in setting S; that corresponds 


of + 1 


duce no visible change on the detector. 


to an error in the indicated values of 


ohm for both valve types 


wey 


PuLseE METHODS 


distortion of a ree 
Way- 


direc { 


\lethods based on the 


pulse have been des ribed by 


Wagener, 


tangul ir 


mouth, ' and others where 


| | Wavmouth Jt " “Deterioration of Oxide-Coated 
Cathodes Under Low Duty-Factor Operation,’ Journal 
lpplied Physics, volume ), pages 80-86; January, 1951 

Hl. M. Wagener, “Cathode Interface Impedance and its 
Meas Proceedings the National Electron 


Conference, volume 8, 


irement 
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cathode current may Or May not be drawn. 


Pulse methods can be applied to diodes as well 
as multi-electrode valves. For a diode (or a multi- 
a diode with the 


electrode valve connected as 


control grid as the anode) with a rectangular 
voltage pulse V developed across it, the instan- 


taneous quantities are: 


potential drop across interface impedance 


current through C 
current through R 
total cathode current 


| hen, 


where 'p is the diode imped ince between ¢ ithode 


coating and anode. Hence it can be shown that 


13) 
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whe re 


(aS 
ix( 
against ¢/RC are shown in 


Curves of v and 


Figure 8. It may be noted that the resistance 7p, 


which includes cathode coating resistance, has 
the effect of reducing the time constant &;C, by 
appearing in parallel with &;. Also, rp will be 
constant throughout the pulse duration only if 
the difference between the leading and trailing 
edge currents is small since rp is a function of 
diode current. 


From (14 


leading-edge pulse current is limited by the diode 


and Figure 8 it can be seen that the 
impedance 7p while the trailing-edge current is 
limited by R,; + rp. These pring iples can be used 
to measure R; by the simple circuit shown i 
Figure 9A. An adjustable calibrated resistance 
R., is introduced in series with the test valve and 

is observed on the oscilloscope when a re 
tangular voltage pulse is developed across the 
test circuit. If interface impedance is present, 
waveform will appear as in Figure 9B when 
the 


the 7 
R, is zero. By 
edge may be made the same height as the original 
so that Rk R 
suth« iently long to show the level part ol the 1 


increasing R new leading 


trailing edge, A pulse duration 
waveform is required, so that the minimum time 
is about 4RC. Values of &;C 
in the range 5 XK 107‘ to 5 X 10 


pulse duration of from 2 to 20 microseconds is 


have been obser ved 


second, SO a 


needed. 

The sensitivity of this method is improved if 
the exponential part of the 7 waveform is studied 
alone and this can be done by cancelling the non- 
with an rectangular 


exponential part inverse 


waveform as illustrated in Figure 10. The re 


sultant decay can then be amplified and = ob- 
served alone; also, any decay due to droop of the 
applied voltage pulse is eliminated, so that a 
perfectly shaped pulse is not required. 

The measurements described in the previous 
section were made in this way using the circuit 
shown in Figure 10. Here the rectangular voltage 
is developed across the valve de in parallel 
with two adjustable resistances and, since the 
primary 


the 


centre tap of the pulse-transformer 


is earthed, the difference between 
the 


winding 


two primary currents flows. in secondary 


winding and can be observed On all OS( illoscope 
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connected across it. In practice, A; is continu- 
ously adjustable from 0 to 1000 ohms and R, is 
adjustable in decades 0 to 10, 0 to 100, and 0 to 
1000 ohms. Both R; and &, must be non-inductive 
or they will distort the fast-rising pulse leading 


edge. In a later development of this system, the 


Circuit and cathode current waveforms for 


le pulse method of measuring interface resistance 


currents in each arm are compared by a differ- 
ence amplifier. With 


until the trailing edge of the secondary output is 


zero, Rk, is adjusted 


level with the main trace so that R, rp. R 


is then adjusted until the leading edge is level, 


when FR R 


It has been assumed so far that the applied 


voltage pulse reaches its maximum value V in an 


infinitesimally short time. This is never true in 
practice and it may be assumed that the voltage 
increases linearly from zero so that at any time 
t after the beginning of the pulse, where ¢ Q, its 
height is given by V’ = at. This means there will 


be a small voltage v developed across the inter- 


? 
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face impedance in the time Af that the pulse has 
taken to reach its maximum value (see Figure 


9D); it may be shown that 


aw (©? (-Re)} 


(16) 


where VR; (R 
the interface at the end of the pulse and may be 


ly, Hence 


+ rp) is the potential drop across 


written as 


(RC/At)}1 exp BRGY. (Eh) 


If At > 0-1 RC, a fractiot’Vo/V; of the final 
potential drop across the interface will occur at 
the beginning of the pulse, so that the indicated 
value 2, will be less than the true value /;. 

For a typical 7p value of 150 ohms, and allow- 
ing R, £ 0-9 R,, 


rise time Atwhen RC 


the maximum allowable pulse 


10 


“second is 0-05 micro- 


_J~ 120 micRosEcont 


_— =. 








cc SCOPE 


“AMPLIFIER 


yy 


D SECONDARY OUTPUT 


ieee an 


u WAVEFORM 


R, CURRENT 
Figure 10—Circuit and waveforms for measuring interface 
resistance using a pulse transformer. 
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second. As RC increases, the error in 2; will de- 
crease for a fixed rise time. If Aft is small compared 
with RC, C 


waveform by 


can be deduced from the whole 7; 


18 
where 


leading edge current 


trailing edge current 


time for decay curve to discharge by 63 


per cent. 
account the shunting 


The factor 7,/12 takes into 


effect of rp and any load resistors. 
253° 


OMPARISON OF DIRECT—Ct 


METHODS 


RRENT 


AND 
PULSI 


acCuracy 


until the 


The pulse method is capable of an 


similar to the direct-current method 


interface time constant becomes small enough to 
cause an error due to the pulse rise time. It has 
an advantage over the direct-current method in 
that no R 


due to the low duty factor of the cathode current. 


change occurs during measurement 
For a 20-microsecond pulse at 50 cvcles per sec- 
ond, 50 milliamperes ol pulse current is equival- 
ent to 50 microamperes of direct current, com- 
pared with 7 milliamperes of cathode current 
flowing during measurement by the direct-cur- 


method. A all 


types of valve can be measured, while the direct- 


rent further advantage is that 


current method is only applicable to multigrid 
valves with a mutual conductance greater than 


) 


about 2 milliamperes per volt. Also, the pulse 


method provides simple visual indication of 
interface presence and indicates deviations from 
the exponential decay curve. The main disad- 


vantage is that a high-quality pulse generator 
and oscilloscope are required while the apparatus 
for the direct-current method is comparatively 
simple. 

When valves operating under conditions known 
to cause growth of interface resistance are meas- 
ured by pulsed and direct-current methods, it is 
found in general that the pulsed values are about 
10-per-cent greater than the direct-current 
values, which may be explained by the activating 
effect of 


that measurements made on some valves before 


the direct current. It has been found 


operation or after a short period of operation 
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under current-drawing conditions gave pulsed 
R; values of several hundred ohms, but direct- 
current R; values of only a few ohms. The time 


constant of these pulsed currents was much 


longer than would be expected from a cathode 


interface layer and the difference in observed 


with electrode voltages applied to cut off the 


cathode current of one triode and with the 


electrodes of the other triode unconnected showed 

there was no significant difference in the rate of 

interface growth between the two conditions. 
After more than 6000 hours of operation, two 


rABLE 1 


CATHODE SLEEVI 


0-03-0-08 0-04 
0-03—0-10 


0-40—-0-60 


0-10 


0-10 


0-05 
0-10 


0-01 
0-05 
0-005 


0-01-0-06 
0-05 


0-005 


0-02 
0-01 0-02 


l figures re present the maximum permissible conte 


values can be explained by the existence on the 


control grid of an impedance of a similar nature 


to the cathode impedance but of longer time 


constant. This could be caused by a very-thin 
high-resistance film on the grid lateral wires and 


supports, or on the anode of a diode. Whenevet 


pulsed grid current flows, its waveform shows a 


decay and when the pulse has finished, a negative 
charge will remain on the grid and can cut off the 
anode current until it has leaked off. Such effects 
limit the performance of pulse amplifiers and 
switching circuits and the phenomenon is still 


a subject of investigation. 


3. Growth of Interface Resistance in Valves 


Double triodes are vital components in some 
computers and life tests have been run to simu- 
electrical conditions of this form of 


operation. With 


conditions are normal temperature and negligible 


late the 


regard to the cathode, these 
direct current irrespective of the components as- 
sociated with the valve, so that the valves were 
run with heater voltages only applied and all 
A control experiment 


electrodes unconnected. 


ELECTRICAL 


COMPOSITIONS 
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0-40-0-60 


0-06 


0-02-0-06 
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IN PERCENTAGE BY WEI!IGHT* 


0 Nickel ST Nickel 


0-005 
0-08 
0-10 


0-02 
0-04 
0.90 


0-05-0-10 
0-03-—-0-10 
0-40-0-60 


0-03 
0-05 
0-10 


0-03 
0-05 0-1 
0-10 0-20 


0-03-0-07 
0-05 
0-005 


0-05-0-10 
0-05 
0-005 


0-01 
0-05 
0-005 


0-06 


0-03 
0-005 


3-50-4-25 


Balance 


0-05 
0-02 


0-02 
0-01 
2.0-2-50 


B ilance 


Balance 


t 


distinct classes appeared; triodes in which R 
did not exceed 9 ohms at any time and triodes in 


which this value was exceeded and &; continued 


to rise for periods from 340 to 6300 hours. 
Values at the end of operation ranged from 32 to 
342 ohms with the largest occurring in valves 
where / began to rise earliest and a good corre- 
cathode 


lation existing between low values of 


current and transconductance and high values of 
Rk;. This erratic behaviour prevents any accurate 
prediction of &,; values during operation and so 


leads to uncertainty in estimating valve per- 


formance at any time. 


1. Effect of Cathode Sleeve 


valves mentioned so far used the 


All the 


0-nickel cathode sleeve that is standard through- 


out the British valve industry. During an investi- 


gation to evolve an oxide-coated cathode that 


does not suffer from interface growth and can 
still be employed in mass-produced valves, ex- 
periments were carried out using nickel sleeves 
with various constituents added. In particular, 
A-3] A-32 


the American Cathaloy A-30, and 
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sleeves were compared with S7 nickel, an alloy 
being developed in conjunction with the British 
Post Office, and 0 nickel. The compositions of 


these materials are given in Table 1, and it may 








on pentode with vari- 


11 \ccelerated life tests 


terial V 7-0, ithode current 


hode sleeve ma 


be seen that Cathalov A-30 has aluminium and 


magnesium as its main active constituents; 


A-31 


iluminium, magnesium, and tungsten; S7’ nickel 


4 22 


tungsten; A-J2 has 


has magnesium and 


has magnesium and tungsten; and 0 nickel has 
magnesium and silicon. The effect of these ma- 
is illustrated in Figure 11, based on 
British Post 


the materials containing 


terials on 7 


accelerated life tests run by the 


Office. It is clear that 


appreciable amounts of aluminium or- silicon 
while S7 


magnesium and tungsten only, shows no signs ot 


favour Rk; growth, nickel containing 
R, growth until after 15 000 hours of operation 


Examination of these sleeves showed that the 
concentration of aluminium had inc reased during 
operation probably due to migration from the 
other parts of the valve. Research is being carried 
out on the elimination of the sources of this im- 
purity and it is considered that, even at present, 


valves employing S7° nickel should not develop 
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interface resistance before 20 000 hours of opera- 
tion at normal current. 
The 


manufacture of 


the 
the 


new alloy is being introduced in 


special-quality valves at 
Brimar factory at Footscray and its effect on the 
maintenance of mutual conductance is shown in 
Figure 12 for double triodes. As expected, the 
improvement during zero-current operation is 
even than during normal 


more pronounced 


Operation. 


d. Discussion of Results 


If the silicon content of the cathode sleeve is 
kept low, this in itself discourages the formation 


of a barium orthosilicate layer, but Rittner® 
has suggested the following explanation of the 
beneficial effects of tungsten in reducing inter- 
face growth. While the cathode coating is being 
broken down during exhaust, the following re- 


action prom eeds quickly 


3BaCO,; + W Ba, WO, 3C0O (19) 

















Figure 12--Comparison betwee fect of O nickel and 
ST nickel on mutual conducta 


and bott 


lop 


triodes 


graph for normal operatio or operation 


with zero cathode current 


SE. S. Rittner, “Theoretic 
Cathode,” Philip Re 


238; June - 1953 


Oxide 
pages 184 
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and any good reducing agent, A, such as Mag- 


nesium or silicon, will react to form free barium 


thus, 


Ba,;WO, + 6A 6AO + W + 3Ba. (20) 


In this way free barium is formed by reaction 
with the layer itself so that a very-long time is 
required to deactivate it and cause interface re- 
sistance to rise. Furthermore, if silicon is present, 
it will react with the barium tungstate layer to 
form free barium rather than with the coating to 
form barium orthosilicate. 

Previous reports have suggested that alumin- 


ium inhibits interface growth, but this has been 


proved untrue under production conditions. It 


seems that aluminium is as harmful as silicon in 
promoting interface growth and for this reason 
aluminum content in S7’ nickel is kept as low as 


possible. Magnesium is included since its pres- 


ence does not annul the beneficial effects of 


tungsten and it is necessary as a reducing agent 
to ensure adequate electron emission from the 


cathode coating. The magnesium content is not 


more than that of 0 nickel, since any further 


increase results in the formation of low-resistance 
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films on the valve insulators causing undesirable 


leakage and noise effects. 


6. Conclusion 


\lthough British valves suffer less from the 
growth of cathode interface resistance than other 
valves employing cathode sleeves with a higher 
silicon and aluminium content, the unpredictable 
nature of interface growth makes desirable its 
elimination. It is considered that good progress 
on a production scale has been made with the 
introduction of S7’ nickel and further progress is 
being made in overcoming manufacturing diff 
culties caused by removing reducing agents from 
the cathode sleeve. It is therefore expected that 
the complete range of Brimar special-quality 
valves will employ interface-free cathodes in the 
near future, with a consequent improvement in 
stability of characteristics and pulse perform- 


ance, 
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Evaluation of Intermediate-Frequency and Baseband Diversity 


Combining Recédivers* 


By ROBERT T. 


diversity 


ECHNIQUES. ot 


have advanced rapidly with the advent 


rec eption 


of beyond-the-horizon communication. 
Because of the rapidly fluctuating signals en- 
countered in tropospheric scatter propagation, 
strong-signal selection (switching diversity) has 
been largely supplanted by more-sophisticated 


signal-combining techniques. Present —tropo- 
spheric scatter systems commonly employ either 
postdetection ratio-squared combining or, more 
recently, a technique of predetection linear addi- 
tion. A theoretical and experimental study com- 
paring these two methods is the subject ol this 
paper. Apart from obvious advantages of sim- 


plicity, the predetection technique exhibits 
lower distortion under multipath conditions, due 


to the linear « ombining process. 


Diversity reception is particularly effective 


igainst the continual rapid fading encountered 
inl tropospheric scatter communication. ‘T'wo or 
more signals are separately received at different 
frequencies or over different paths sufficiently 
diverse so that the signal levels do not fade co 


The 


communication 1s 


signals are then combined = so 


herently. 


that maintained unless all 


signals fail simultaneously. 

Diversity combining can be accomplished in 
various ways. Combining can be performed either 
before or after detection and the signals can be 
selected (switched) or added either linearly or in 
variable proportions. 

Phe simplest combining method is to select the 
strongest signal by simple switching. Selective 
diversity falls somewhat short of optimum com- 
bining, however, and introduces switching transi- 

* Reprinted from JRE Transactions on Communication 
Systems, volume CS-6, number 1, pages 8-13; June 1958 
For this paper, the authors received the Transactions 
Contribution Award, 1958, of the Institute of Radio Engi 
neers’ Professional Group on Communication Systems 

This study was sponsored in part by the United States 


\rmy Signal Engineering Laboratories; Fort Monmouth, 
New 


Jersey 
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_a division of International Telephone and Teleg 


VMINDES 


raph Corporation: Nutley 


ents and lags that become serious under the 


rapidly fluctuating conditions of tropospheric 
scatter propagation. 


Baseband 


has 


combining postdetection ratio- 


squared been extensively used ior tropo- 


spheric scatter communication. Received signals 
added 
It has been shown! that optimum diversity com- 
the 


are adjusted in level and ifter detection. 


bining occurs when received signals are 


proportioned according to the square of their 
idded. The 


combiner circuit approximates 


signal-to-noise ratios and well- 


known baseband 
the most si 


this relation over gnificant range of 


signal ratios. Signal proportions in the common 
output are controlled by measurement of ampli- 
hed out-of-band noise in each receiver. 

During deep fades, the noise output from a 
frequency-modulation receiver rises sharply to a 
level comparable to full signal output. In com 
de- 


bining frequency-modulation signals after 


inequalities are 


: ] 
Signal 
] 


ciose 


ter tion, although large 


statistically infrequent, a approximation 


to ratio-squared combining must be provided 
over a wide range ol signal ratios to provide 
suftic ient rejec tion ol the yvre ithy inc reased noise 
accompanying weak signals. Linear addition is 
therefore impractical for frequency-modulation 
postdetection combiners. 

It signals are combined in a linear portion ot 
the receiving equipment, prior to limiting and 


detecting, the original received 


Ss 


umplitude ratio 
is preserved and simple linear addition of the 
signals without adjustment of ratio provides a 
combined signal-to-noise ratio within 0.6 decibel 
of optimum. By providing suitable control of 
signal phase, a technique of predetection com- 
has. been tropospheric 


bining developed lor 


Bk IRE, 


volume 42, page 


Kahn, ‘Ratio Squarer,”’ Pro lines of the 
1704: November, 1954 

2C. L. Mack, “Diversity Reception in UHF Long 
Range Communications,” Proceeding TRE, volume 
43, pages 1281 1289; Ox tober, 1955 

SF. J. Altman and W. Sichak, “A Simplified Diversity 
Communication System for Beyond-the-Horizon Links,” 
TRE Transactions on Communication Systems, volume CS-4, 
March, 1956 
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scatter communication, using simple linear ad- 
dition of the received signals ata point before 
the received signal levels are altered by limiting. 
Linear addition approximates optimum com- 
bining for most received signals, deviating slightly 
from the ideal for very-large signal ratios. 

The 


has been calculated* (Figure 1). The curves show 


various combiners 


ideal performance ol 


statistical variation in signal-to-noise ratio under 


the Rayleigh fading conditions encountered in 
tropospheric scatter propagation. The effect of 


frequency-modulation threshold is indicated 


Results are given for the cases of signal selection 


by switching, linear addition of signals, and 


ratio-squared addition, with combining performed 


either before or after detection. Curve 2 (pre- 


detection linear addition) and curve 5 (postdetec 


tion ratio squarer) are the only combining forms 


commonly used. Selective diversity (curve / 


while simpler and only slightly inferior in signal- 
to-noise ratio, is avoided due to switching transi 


ents. Predetection ratio-squaring (curve 3 


while entirely prac tic al. does not appear justified 


for the small additional advantage derived. 


Postdetection linear addition (curve 4) is clearly 


undesirable 


making use of common units and subassemblies 
wherever possible. 

PA 
complete receivers are used and all combining 
the 


For baseband combining (Figure two 


functions are performed using video-tfre- 


quency (baseband) output. For each receiver, 
noise Components above the normal signal fre- 
quency are selected, amplified, and detected to 
produce a control voltage that is applied to the 


tube to control the 


( orresponding combiner 


combining ratio. Any difference in these con- 
trol voltages varies the combining ratio, favoring 
the signal having the lower noise. 

Since 


channel or failure in a noise amplifier will make 


a failure at any point in either signal 


the affected receiver appear to have low noise, 


and thereby suppress the remaining operative 


channel, protection is provided by adding a 


The pilot tone is 


passed 


pilot tone at the transmitter 

received along with the signal, through 
the noise amplifiers for protection against failure, 
and finally used to operate an alarm relay that 
disconnects a channel when the pilot tone ‘is 
absent, thus permitting the remaining channel to 


function normally. Protection against disabling 





1. Discussion 


( OMBINER 


CUITS 


Published 


the combining 


miorma- 
tion on 
circuits, particularly 
the intermediate-fre 
quency combiner, is 
somewhat incomplete 


Block 


she Wi 


diagrams 


he 


ior t 
mediate-frequen¢ \ 
combining receive! 
(| igure B and the 
baseband-combining 


Fieure 2A 


re elver 


used in this study. The 


receivers were desiene 





at the same time and 


were nearly identical, 
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Laboratory 


municatior 
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a5 


SIGNAL-TO-NOISE RATIO EXCEEDS ORDINATE 


of diversity combiners before and after detecti 


: frequency-modulation threshold 
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receivers by the accidental loss of the pilot 
tone 1s obtained by providing dual pilot tones 
and an alarm circuit at the transmitter. 

For intermediate-frequency combining (Figure 
2B), separate receiver front ends are used, as 
shown, up to the intermediate-frequency ampli- 
fier output. Relative signal phase is measured at 
this point by a balanced modulator (phase de- 
tector) and the phase is controlled by supplying 
i corrective direct voltage to one local oscillator, 
causing it to advance or lag in phase with respect 
to the other local oscillator as required to estab- 
lish additive signal phase at the combining point. 


added in 


ignal is applied to the 


The resulting cophasal signals are 
hvbrid and the combined 


limiters and discriminator 


\mplifiers and reactance tubes have beer 


ivoided in the combiner so that tube failures are 


confined to the signal channels, making the com 


bining circuit basically fail-safe (failure at any 


point in either receiver does not interfere with 


normal operation of the remaining receiver 


1.2 PHysICAL CHARACTERISTICS 


Intermediate-frequency combining offers cet 
tain obvious advantages of simplicity, reliability, 


few adjustments, ease of maintenance, compact 


, and lightness. A comparison of these factors 


Fable 1 


COMPARISON 


ELECTRICAL 
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3 FIELD EXPERIENCI 


Phe availability of closely similar tropospheri 
scatter receivers of common design greatly facili- 
tated comparison of the combiners. Diversity 
receivers of this design using baseband combining 
are in use in several military systems. The same 
design, using intermediate-frequency combining 
for space-diversity reception, is in use between 


and al 


Puerto Rico and the Dominican Republic, 


link irom Sardinia, Italy, to Minorea, Spain, uses 
intermediate-fre 


\ similar 


mediate-frequency combiner, but with 20-mega 


frequency diversity with the 


quency combining equipment. inter 


the 
link 


combination of 


evcle-per-second bandwidth, is used in 


Florida—Cuba 


four-fold 


television and telephone 


VIVINYG diversity bv a 


du i 


( orresponding baseband 


space and dual diversities. No 


| Irequency 


combiner of comparabl 
bandwidth has been developed 
Field 


show I 


experience with these links has not 


serious difficulties with either 


type ol 


combiner. Various experimenters, however, have 


indicated that distortion is generated in the 


baseband combiner under certain multipath 


propagation conditions. The effect appeared to 
be caused by unequal signal levels at the com 
biner grids, an abnormal condition caused by 
selective fading in the otherwise equal frequency 
modulation outputs. The linear addition used in 
predetection combining avoids this form of dis 
tortion \nalysis predicted other differences it 
the behavior of pre- and post-detec tion combiners 
in the presence of multipath propagation ; a com 


parison is included below 


2. Theoretical 


The following theoretical study compares the 
relative degree of distortion produced using the 
two combiners when multipath signals caused by 
airplane interference are present. In the specifi 
case under study, two frequency-modulation 
receivers are operated in diversity while an ait 
plane reflection is present in the propagation 
path. Each received signal is composed of two 


Waves: a normal scatter (direct) wave and a 


wave reflected from the airplane. The reflected 
wave is delayed with respect to the direct wave 
Since the airplane reflecting surface is infinitesi 
mal compared with the scattering volume and at 


the modulation frequency the antenna spacing 
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is insignificant with respect to the propagation 
path length, the path lengths of the two direct 
waves are assumed to be identical, as are the 
path lengths of the two delayed waves. 

If we neglect whole ¢ VC les of radio-frequency 
phase difference between each direct wave and 
difference 


its associated delayed wave (delay 


appearing as a phase angle at modulation fre- 


and if we restrict the amplitude of 


quency 


each reflected wave to be less than its corre- 
sponding direct Wave, the two signals can be 


represented as 


m sin pl 


m sin 


= @ 


amplitude s of direct waves 


amplitudes ol reflected delavec 


Waves 
carrier frequency 
modulation frequency 
modulation index 


phase angle between the two direct 


Waves 


phase angle between the direct waves 


and their associated delayed waves 


modulation phase angle. 


These two signals produce an instantaneous 


Irequency trom the combiner of the desired 


signal frequency w + pm cos pt and a frequency 


distortion term wy, or, 


pm cos pl tT W 


where pm transmitter angular frequency devi 


ation 


A + K cos [y + Bcos (pt+y 


y T B cos (pl t- 


+A2+2K cos | 


b 4 sin G T 


where 


kK raft, <4, 


I. H. Gerks, “An Analysis of Distortion Resulting from 
Pwo-Path Propagation,” Proceedings of the TIRE, volume 
37, pages 1272-1277; November, 1949 
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where ¢, is the total reflected component and d, 


is the total direct component in any one de- 


modulator. 


B 2m \sin y/2 


I 


¥ phase angle from d, to ? - the 


angle of (r + 7; d+d; 
The distortion term wy, can be 


Fourier series to show its harmonic content. This 


expanded into a 


vives 


simplified for the cases 


Equation 


0, x/2 w/ 2, or. I r, (6) reduces, 


Wis, T 


on grouping terms, to 
> K 


6J.(nB 
nB 


10/ nB 
nB 
6 


ilculate the level of harmon 


We can 


distortion present by comparin 


how ¢ 
¢ the amplitude of 
harmonic with the amplitude of the 


the third 


fundamental by the relation 


level of third harmonic in decibels 
1 


down from fundament 


20 log 


for the case x lor the other cases, a similar 


form is used 
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2.41 INTERMEDIATE-FREQUENCY COMBINER 


In the intermediate-frequency combiner, the 


two signals are made cophasal and are added 
rhe (d + d,) 


therefore be « xpressed as 


linearly. ratio |\(r+7; may 


ri, sin B ) 


r,cosB 


r sin a 


= * COS a 


1 sin B 
Va, 8a 
= 7, COS B 


2.2 BASEBAND COMBINER 


In the baseband combiner, ratio-squared ad- 
dition is used (the signals are added in proportion 


to their relative signal-to-noise ratios). The rats 


in this case is given by 


Ve 
d + Zracosa 


Dip 24-7. 


y---d--t Jrdcosa 


cos B 


td2+2r.d 


+ (1, 


D third-harmonic distortion (volt ive am 


plitude of base combined output 


D third-harmonic distortion (voltage 


plitude ot receiver J 


distortion voltage 


receiver 2 


D third-harmoni 


plitude ol 


2.3 COMPARISON OF HARMONK DISTORTION 


FROM THE TWo COMBINERS 


A complete statistical analysis of this problem 


necessitates evaluation of an intractable integral 


However, specific solutions are readily obtained 
| 


the 


by choosing values for svmbols im i 


Prior work® shows that the distortion increases as 
the direct and delayed waves approach amplitude 
equality and phase opposition If therefore one 
illows the direct waves to be equal and the de 
laved waves are set at 0.9 and 0.8 of the ampli 
tudes of their respective direct waves, by varying 


the phase angle between the direct and delayed 


ELECTRICAL 
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UNDAMENTAL 


NTERMEDIATE 
FREQUENCY 
COMBINER 


—r 


S BELOW F 


BASEBAND 
COMBINER 


DECIBEL 
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PHASE ANGLE 8 


distortion versus phase an 


Phird-harmont 


for 240-kilocycle-pet 


Figure 3 


deviatior 15-kiloc) 


second 
second modulating frequency ; 0.8-microse ond time del 
d 1: 0.9: 


a 
The dashed 


solid lines experimental results 


0.8; a rr ind O 8 


curves indicate theoreti ii Value 


waves the harmonic distortion present ¢: be 


calculated for anv chosen values of modulation 


frequen Y, lrequene \ deviation, and time delay 
A modulation frequency of 15 kilocycles per sec 
ond, a frequency deviation of 240 kilocycles pel 
second, and a 0.8-microsecond delay were chosen 
and the distortion was computed The results are 
shown in Figure 3. The receiver using the inter 
mediate-frequency combiner demonstrated a sig 
nificantly lower distortion level over almost the 
entire range ol phase angle variation. Since 6 is a 
random angle, however, only average distortion 
level has significance 

lhe theory considers only distortion products 
receiver with ideal combining. 


of an ideal 


Except for ratios of y and d near unity, and angles 
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near 7m, the theoretical distortion is not as large 
as other effects of imperfect ratio-squared com- 
bining and residual distortion. 

The advantage held by the intermediate-fre- 
quency combiner in harmonic distortion level is 
achieved because it tends to add the larger com- 
ponents in the multipath signals cophasally, 
increasing their amplitude, while decreasing the 
amplitude of the smaller components by adding 


them in less-advantageous phase. 


> 


3. Experimental Study 
3.1 Test Circuit 
receivers were available, 


Iwo dual-diversity 


one using intermediate-frequency combining and 


SIMULATED MULTIPATH SIGNAL 


RECT SIGNAL SOURCE 


FREQUENCY- 

MODULATION 

GENERATOR 
30 MEGA- 
CYCLES 


| 
| 
j 


MOTOR 

DRIVEN 

PHASE 
ROTATOR 


0.8-MICRO- 
SECOND 
DELAY 
CABLE 





YED SIGNAL SOURCE a 


SIMULATED MULTIPATH ; 


+— Blo 
at 970 mega ycles per second ; R Syd 


at 970 megacycles per second 
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k diagram of multipath simulator an 


the second using a ratio-squaring baseband com- 
Other 


amplifiers, 


biner. components—intermediate-fre- 


quency limiter-demodulators, — et 


cetera—were of common design. The center fre- 
quency of the receivers was 970 megacycles per 
second and the intermediate-frequency band- 
widths were 2 megac ycles per second. By cross- 
connecting at a point following the intermediate- 
frequency preamplifiers with a coaxial switch, a 
comparison between the combiners was obtained 
under identical test conditions 

lo provide reproducible conditions simulating 
aircraft multipath signals, a multipath simulator 
Figure 4 is a block 


was used as the signal source 


diagram of the test circuit. 


D+R) 


| WAVE 
ANALYZER 


DUAL- 
DIVERSITY 
BASEBANC 
COMBINER 
RECEIVER 


DUAL- 
DIVERSITY | 
INTERMEDIATE-|_]} 
FREQUENCY 
COMBINER 
RECEIVER 














D,,D 


Direct 


reflected r nad Doppler pha 
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3.2 Test PROCEDURI 


Direct components were adjusted for equal 


amplitude about 20 decibels above threshold. 


The two halves of each diversity receiver were 


designated receiver J and receiver 2. Delaved 


components were adjusted so that the worst dis- 


tortion in receiver J occurred approximately 180 


degrees from worst distortion in receiver 2. (as 


measured with the common phase-shifter con- 
trolling delayed-signal phase 

The motor-driven phase shifter was operated 
it various speeds and output waveform observed 
on an oscilloscope while transferring periodically 
between baseband and intermediate-frequency 


combining. The object of this visual test was to 


observe distortion characteristics under condi 


tions simulating Doppler shift, noting whethe1 
magnitude or ¢ haracter of distortion was affected 


by the frequency shift. Distortion was notice 


ably affected by deviation, but appeared to be 
independent of Doppler frequency shift, making 
it possible to evaluate distortion products quar 


titatively in a point-by-point check with the 


wave analyzer 


> 2 


3.3 TEsT RESULTS 


3.2.1 Distortion 


Quantitative measurements of distortion were 


made. Distortion was measured as a function « 


harmon decibels below the 


third present in 


fundamental Figure 3 shows data taken with 


TABLE 2 


1ON COMPARISONS Of 
MErTHODS 


DISTORI Two 
COMBINING 


eee 


ELECTRICAL 
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test conditions identical with those chosen in the 


he 


variation in distortion level for the receiver using 


case explored in the theoretical analysis 


an intermediate-frequency combiner was 13.5 


maximum-to-minimum) and for the baseband 


combiner, 5 decibels. The receiver using a base 


band combiner demonstrated a 4.2-decibel 


greater average distortion. Further measure- 


ments were made with different modulating fre- 
deviations, and direct-to 


quencies, frequency 


delaved-wave amplitude ratio. Results are given 
Table 2. 


measurements 


substantiated 
that 


here in These results 


the previous and showed 


changes in modulation Irequency, et cetera, do 


not disturb the relative amplitudes of the dis 
tortion from the two combiners. The distortion 


present in each receiver of a diversity pair was 


The distortion i 


| hese 


measured prior to combining 
the combined output was ilso measured 


data are given in Table 3 


TABLE 3 


DISTORTION IN COMBINED Outpt 
| Modulatio 240-Kk 


15-Kiloevel per Second 
per-Second Deviation: 0.8-Microsecond Dx 


ad d fs '@ O.9: + ( B 


It is seen that, whereas the baseband combiner 


is controlled by the most-distorted signal, the 


receiver using the intermediate-frequency pro 


duces an intermediate level of distortion 


& . 
; > 


Ou reling 


krequency-modulation quieting curves were 


taken (continuous-wave signals, no multipath 


effects Results are shown in the curves of 


Figure 5. Outputs were not equal for the two com- 
only 


biners, so that the ordinates indicated are 


relative. 


3.2.3 Unequal Signal Delay 


Another condition, with a single direct signal 


supplied to the left receiver and a delayed signal 
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Che 


approximate 


to the right receiver, was also investigated. 


signals were adjusted for 


two 
equality at 20 decibels above threshold and sec- 
ond-harmonic distortion was measured with 15- 
kilocyele-per-second modulation (240-kilocycle- 
per-second deviation! and with 60-kilocycle-per- 
(240-kiloc ycle-per-second 


Pable 4 


second modulation 


deviation The results are given in 


Conclusions 


Phe intermediate-frequency combiner demon- 
strates significant advantages over the baseband 
combiner in distortion level, frequency-modula- 
tion quieting, simplicity, and reliability. A 4.2- 
decibel advantage in average distortion level was 


found experimentally for the intermediate-fre 











Comparative quieting characteristics for dual 


diversity receiver. The labels on the curves are the input t 


the left receiver, the abscissa the right receiver input 


Solid curves=baseband combining; dashed curves 


intermediate-frequency combining. Reference input level 


0 decibels) chosen for approximately 30-decibel quieting 


in each receiver. Relative output scales are arbitrary due 


to differing output amplifiers 
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quency combiner. The theoretical and experi- 


level were in agree- 


was high distortion 


mental studies of distortion 


when there due to 


ment 
multipath fading. When low multipath distortion 


was present, the distortion observed experiment- 
ally was due to other-than-ideal Ope ration of the 


two receivers. 


The baseband combiner was found to have a 


0.6-decibel advantage in signal-to-noise ratio 


intermediate- 
al he 


combiner is much-less 


except near threshold where the 
frequency combiner held a slight advantage. 
intermediate-frequency 
complex than the baseband combiner, containing 
only passive elements compared to the 21 tubes 
hnecessaly when the baseband combiner is used. 
Phe gain in reliability is obvious 

The rise in distortion observed for baseband 
rT, 2 U, < 


nonlinearity in the combining stage with greatly 


combining at a ippears to arise from 


differing input waveforms 
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Design Concepts ofa High-Brightness Airborne 


Radar Indicator * 


By EDWARD W. 


if Inte 


HILE normal cathode-ray-tube radat 


indicators have been accepted Lol 

shipboard use where ambient lighting 
could be controlled, they have not been accepta- 
ble for the high ambient light levels encountered 
in aircraft cockpits. A display with at least 1000 
foot-lamberts of illumination is considered neces 
sary for reliable presentation of radar informa- 
tion under bright daylight conditions in an open 
cockpit. Modern aircraft and radar system de 
signers have searched for a display capable ot 
the 
Naval 
designed 


The 


tube was chosen as 


this brightness. One of these systems, 


1N/APG-53 


Facility, 


radar, developed at the 


\vionics Indianapolis, was 


with such a display as an integral part. 


7176 


the display element, and Farnsworth Electronics 


Farnsworth latron 
was chosen to develop the indicator circuits (the 
cognizant group is now organized as part of IV] 
This 


shows 


Laboratories indicator has now. been 


completed and vreat promise of being 


accepted as a component for airborne radai 


It is at present being flight tested 
14D-2N Skyhawk. 


Because of the inclusion of this high-brightness 


svstems 


the Douglas 


indicator in the initial weapons-system concept 
as one of the major instruments on the control 
to specify a minimum 


that 


panel, it Was necessar\ 


size and weight for the unit would best 


utilize the limited cockpit space available. For 
this reason, the indicator has the dimensions ot 
approximately 52 inches (14 centimeters) square 


and 16 inches (41 centimeters) long, and weighs 


less than 14 pounds (6.3 kilograms The unit 


contains a 5-inch- 12.7-centimeter diameter 


all the necessary circuits for a 


The 


storage tube and 


multipurpose radar indicator. indicator 1 


Reprinted from Institute 

ceedings of the East Coast } 1 u il 
ind Navigational Electronics,” more, Marvland 
October 27-28, 1958 

t reported in this paper was performed 
inder subcontract to Douglas Nircraft Company on 
‘ontract NOas-57-183. The indicator is a portion of the 


1N/APG-53A BR | | Naval Avionics 


Radar Set developed at 


The deve lopn en 


ELECTRICAL 


rnational Telephone and Te 


COMMUNICATION « 


KOENIG 


egraph Corporation; Fi Wi 


yne, Indian 


shown in Figures 1 and 2 


Transistors, printed 
wiring boards, and miniature components make 
this assembly possible. It will be the purpose of 
this paper to define some of the results of this 
minification and to describe the unique problems 
associated with the inclusion of a high-brightness 


storage tube as a display element 


I. Display Tube 


‘| he selection ol a display tube Was made On 


the basis of the brightness requirements more 


than any other single tactor. Signal-storage 


was originally considered only as a 


the 


capability 


means of producing required brightness, 


but has proved to be a desirable factor on its 


own. A disadvantage inherent in storage tubes, 


which was recognized from the beginning, was 


their comparatively lower resolution. In_ this 


application, the resolution was not considered 
unduly restrictive. A view of the latron indicator 
tube used in this indicator is shown in Figure 3 


Characteristics of the tube are as follows. 


Brightness: 3000 foot-lamberts at 10 kilovolts 


and full storage 
lines per inch 


Resolution: Approximately 30 


(0.75 line per millimeter 


Contrast: 5 shades of gray 


Figure 1—Airborne radar indicator for 


elevation, and range 
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Length: 12.5 inches (32 centimeters). The method of operation of the latron can be 


Diameter: 544g inches (12.8 centimeters) at the seen by reference to Figure 4. The latron con- 


bulb and 1,% inches (6.5 centimeters) at tains a normal cathode-ray tube for writing, a 


the neck. Hooding gun with its cathode and anodes, and 
Useful screen diameter: 4 inches (10 centimeters) a pair of fine-mesh screens. 

maximum. The method of operation of the storage tube 
Focusing Method: Electric field. is partly that of a normal cathode-ray-type gun 


Deflection Method: Electric field. 


latron 7176 display tube with special mounting 


rit it the viewing end 


with deflecting electrodes to produce a writing 
beam that impinges on the backing electrode. 
This backing electrode is constructed of a fine- 
mesh nickel screen coated with an insulating 
material that has a high secondary-emission 
ratio. Each electron that hits the backing elec- 
trode causes secondary emission, leaving a slight 
pe sitive charge in the location of the hit. Second- 

ary electrons generated here are 

gathered by the comparatively 

coarse-meshed collector screen 


and carried away. While the 





+ 


ae OOOO CORON CIC COO OCONOO OSORNO ONE CISC DON OOO CUOONNOC 


writing beam is continually 


scanning its pattern, the 
flooding-gun cathode is con- 
tinually emitting an unmodu- 
lated beam of electrons that are 
allowed to spray out in an un- 
focused fashion. Electrostatic 
lens action of wall coatings 
(flocding-gun anodes) control 
this spray so that it is col- 


limated and approaches the 


“ASTIGMATIS 
FOCUS 


—— CONTROL - INTERNAL —/ PHOSPHOR 
CONDUCTIVE COATED —— 
WRITING GUN COATINGS es " ing electrode, it will either be 
+8500 VOLTS 


- 
~ 


| 


screen section as a_ parallel 
beam. When this spray ap- 
proaches a portion of the back- 


i 


repelled by the slight negative 

Figure 4-—The latron tube contains a normal gun for writing and a flooding ; . 
5 5 S charge on the insulator ma- 

gun providing electrons that are collimated by the lens action of three con- 


ductive coating bands on the tube wall. The electrons must then pass through terial or it will pass through 


two fine-mesh screens to reach the phosphor-coated viewing screen the electrode in those regions 
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where information has been written. Once these 


flooding-gun 


electrons have passed through the 


backing electrode, they are rapidly accelerated 


to the view! v phosphor by its potenti il ot ip- 
proximately 8500 volts. 

Krom this description, several characteristics 
may be noted 
only de- 


\ Writing-gun 


the grid characteristics of the writ 


performance 1s not 
pendent on 
ing gun, but on the characteristics of the backing 
electrode and its secondary-emission characteris- 
The low values of beam current needed for 


tics. 
full writing allow the beam to be controlled by 


a relatively small dvnamic grid-voltage range, 
of the order of 5 volts. Since the beam current 
must be kept low, the writing-gun grid will be 


operated near cutoff at all times 


+|3¢ 


t) 


| 
3 


The phenomenon of writing a charge pat- 


Lintorma 


I sulating material allows ai 


tion storage time of the order of minutes and 


allows buildup of signal patterns by integration 
ol presented information as desired. These effects 
in be utilized to increase viewing time and to 
Improve sign il-to-noise ratio, thereby ine reasing 


In the 


to make 


radar range. design of a radar indicator, 


it 1s necessary i determination of the 


imount of signal buildup required by the oper 
time may be undesirable il 


tion Lone storayve 


ELECTRICAL 
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the display of retained 
highly 


ipplications because it will display the 


it causes confusion by 


targets OIF it may be desirable in other 


track 


ot a moving target. 


written 


Instantaneous light output of a 


line on Tatron tubes is comparable to that of a 


cathode-ray tube with the same accelerating 


potential, but with the inclusion of the storage 
screens it is possible to retain the same brightness 
Storage for even 


average bright 


as the original writing spot 
short time will then increase the 
ness to phenomenal values, in the order of 1000 


to 3000 foot-lamberts. This brightness is pat 


ticularly desirable in airborne applications, al 


lowing viewing of the radar screen in bright 


davlight with the sun shining directly on the 


screen. This particular feature was the major 
objec tive when spec iyving this ty pe indicator for 
the .14D-2N. 

tube can be 


ID) Storage time of this display 


controlled by applying voltage pulses to the 
backing electrode. Any variation in the backing 
electrode voltage will have an effect on the charge 
pattern on the insulating coating. By applying 
isharp repetitive pulse to this screen, the insula 
tor tends to equalize its « harge depending on the 
amplitude and rate of the erasing pulses applied 
Erasing rate control becomes a_ vervy-effective 
storage control and is presented as such to the 
pilot. lor the present appli ation, a storage time 
of between 0.5 and about 3 seconds is provided 
may be varied from milliseconds 


Storage time 


to minutes. 


| \dverse fields on the 


flooding beam require the use of a 


effects of magnets 


slow good 
shield. In normal use, the shield ts 


tube 


macnets 


made to fit closely around the however, 


in this application, the space required did not 
illow a separate shield, so the dust cover is made 


of mu-metal, and a separate shield is fitted 


around the neck of the tube. 


I Sturdiness has been ittained by caretul 


design of the mechanical structure. Strengthened 


joints and adequate supports have stiffened 


the inner parts to allow use of the tube in an 
urcralt with little or no isolation. In this applic a 


tion, the tube is supported by the large plastic 


) 
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ring potted to the front viewing portion of the 


tube and by a spring-mounted socket assembly. 
Phe tube qualifies under MW/L-7-5422 specifica- 


tions. 





Sweep multivib 


2, Circuits 


Circuits that are not needed for normal 


cathode-ray tubes but are unique to a storage- 


tube display include those for voltage supplies 
for the flooding-gun grid and anodes, voltage 
for the collector and backing electrode, and an 
erasing pulse generator. These requirements were 
combined in this instance by a relatively simple 
resistive voltage-divider network and a transistor 
blo king-oscillator pulse gyenerator. The sche- 
matic for these particular circuits is given in 


| iwure a: 


21 DEFLECTION CIRCUIT 


difference ina 


\ notable 


storage tube is that although 


SOOO or more volts are used 
on the phosphor, this is not 
the accelerating potential 
against which the writing gun 
and deflecting plates are work- 
ing. Storage screens between 
the writing gun and the phos- 
phor act as a shield; hence, the 
accelerating potential is that of 
the writing-gun cathode to the 
backing-electrode screen. This 
voltage may be quite low, in 


this case in the order of 550 


volts. For circuit simplicity, it 
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is easiest to float the writing-gun section at 


a negative potential, allowing the storage 


screens and flooding-gun circuits to operate 


near ground potential. This relatively low ac- 
deflec- 


volts per 


celerating potential makes possible a 


tion sensitivity of the order of 30 


inch (12 volts per centimeter) and makes the 
sweep-circuit design compatible with transistor 
techniques. The sweep circuit designed for this 
equipment is capable of 140-volt peak-to-peak 
deflection. The simplified schematics of Figures 
6 and 7 show that the circuit is comprised of a 
triggered multivibrator with amplitude reset, a 
bootstrap waveform generator, and an emitter- 
follower output preceding a low-gain amplifier. 
Silicon transistors are used throughout as 
shown in the schematics. Circuit design had to 
consideration the wide variations 


take into 


variations of 


among transistors of a single type, 


direct-current beta and collector cutoff current 
with an increase in temperature and the addi- 
tional base-current requirements of low-tempera- 
ture operation. Some of the te hniques were to 


had 


defined. Each 


choose only high-quality transistors that 


the limits of manufacture clearly 
had 


gain that might be expected over the complete 


then to be designed for the lowest 


stage 


temperature range, and the base-current circuits 


designed so that an additional 2 milliamperes 


could be supplied for reliable low-temperature 


operation. 
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lriggering of the multivibrator is possible over 
a wide range of input signal amplitudes and 
pulse widths. The method of returning the flip- 
flop to its quiescent state after a sweep period 
is somewhat unique in that the controlling factor 
is the amplitude of the sweep signal and not the 
sweep length. This method of triggering reduces 
the likelihood of jitter by removing much of the 
dependence on the trigger action from active 
elements (transistors) and allowing it to depend 
the 


more on charge 


the passive elements of 
path. 

\ transistor sweep generator using a 30-volt 
the bootstrap 


70-volt 


double-anode zener diode as 
coupling element allows generation of a 
sawtooth with a linearity of better than 1 
percent. Because of resistor and capacitor tolet 
the 


necessary to specify 


ance variations, it is 
zener voltage to within 5 percent. Sweep rate Or 
slope can then be controlled by an adjustabl 
resistor in the charge path. 

Foliowing the bootstrap sweep generator is an 
emitter-follower, providing a low impedance for 
the beotstrap circuit and for the flip-flop trigger 
return. This emitter connection is also used for 
one of the deflection plates. The other deflection 


plate receives an inverted signal from a low-gain 


amplifier driven by the emitter-follower. A large 


amount of dynamic feedback is used to reduce 


drift 
Control of the amount of signal current deter 


and variations caused by temperature 


mined the voltage output and acts as an ampli- 


base 
he 


Sallie 


tude control. Control of the quiescent 


a centering adjustment. 
the 


current is used as 


self-bias feedback resistor is nearly 





One of the feedback-pair 


video-frequency amplifiers 


ELECTRICAL ¢ 
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value as the load resistor, providing a strong 


degeneration of any variation in output signal. 


2.2 VipEo-FREQUENCY AMPLIFIER 


Video amplification of the radar signals as 
received at the indicator is accomplished by two 


pairs of transistors, one pair of which is shown 


250 VOLTS 
FOCUSING 
ELECTRODE 1 


in Figure & Each pair has a teedback path from 


output emitter to input base. This feedback, in 


emitter 


with by passed 


conjunction partially 
resistors, allows the amplifier to be flat to over 


room temperature 


6 megacycles pel second at 
and flat to at least 4 megacycles per second at 
Each feedback 


ind low 


elevated temperatures pair has 


fairly output 


a low input impedance 
impedance (of the order of 30 and 1000 ohms, 
respectively). A maximum signal of 12 volts 
appears at the output and is capacitively coupled 
Blanking of the latron 


tube is accomplished by coupling a square wave 


to the writing-gun grid. 


the multivibrator to a_ blanking 


emitter-follower operating at cathode potential 
This 


(negative-going during the sweep period) brings 


irom sweep 


as shown in Figure 9. blanking signal 


the Jatron tube’ grid-cathode voltage from 
beyond cutoff to some bias setting chosen on 
the bias voltage divider. Radar information is 
applied in positive polarity to the grid. Com- 
plete schematics of the sweep and video circuits 
are included in Figures 10 and 11 for an over-all 


understanding of the techniques used. 


? . 
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3. Packaging 


Although the circuits «‘scussed are not a 


complete description of all that is in the indica- 


tor, it is felt that the remaining portions are 


unimportant for a general discussion. Selection 
of components was restricted to MIL-approved 
parts in all cases where it was possible to include 


them. Derating of components and mounting 


procedures were used 











that would give a 
maximum of reliability 
consistent with the de- 


sign 


requirements. 


lwo etched _ printed- 
wiring boards are used, 
containing a total of 
15 transistors, 9 relays, 
15 trimmer resistors, 
ind all of the 


ited components. 


associ- 


lo contain the neces- 
sary circuits and com- 
ponents in the pac k- 


iwe size of 52 inches 
(14 centimeters) square 


bv 16 inches (41 


long, vet re- 


cen- 
timeters 
tain accessibility and 
good construction, it 
Was necessary to spend 
considerable effort on 
the package. As shown 


) 


in Figure 2, there is 


frame closely fitting 
the latron tube, acting 
is a mount for the 


tbe and to which two 





Figure 11 


e 


ae 


600 WA OV\\-0 ~ — 
r \ VO °O 


Complete video-frequency circuit 
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printed wiring boards, the high-voltage supply, 


lhe 


socket 


front attached. 


held in 


the front end is supported by a 


and the panel are 


base is a spring-mounted and 


relatively soft 
potting material. The unit is then placed in a 
moderately tight dust cover and is ready for 
insertion in the aircraft instrument panel 

One of these indicators has been in flight test 
100 


to the high 


\pril and has logged ove! hours of 


Pilot 


since 


flight time to date. reaction 


ELECTRICAL 


tube 
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brightness display is extremely favorable, in- 
dicating that the 1000 foot 


ness available from this display will satisfy their 


lamberts of bright- 


requirements. Transistor circuits keep heat 


dissipation to a minimum and compact packag- 
ing has allowed construction of a complete radat 
indicator as a cockpit panel instrument. It is 
believed that this development will constitute 
airborne 


an advance in the state of the art of 


displavs 


? 
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latron Storage Display Tube with Coaxial Writing and 


Flooding Guns 


By MICHAEL F. TOOHIG 


1 


RIN¢ 


storage 


IPLES of 
cathode-ray 
Phe 


cathode-ray tube that is the subject of this papet 


design and operation of 
display 
known 


well latron 


storare 
differs from most other tubes of this type in that 
the both 


the 


writing and flooding guns are 


the 


sym- 


metrically placed about axis of tube ; 


conventionally the flooding gun is on the tube 
ixis, the writing gun off the axis. This tube was 
developed to solve a difficult packaging problem 


| 


for radar indicator 


\ radar display unit was needed for a fighter- 
airplane cockpit, Physically, a storage cathode- 
ray display tube, tube shields, video amplifier, 
two deflection amplifiers, and an erase generator 
3-by-11-inch 
cvlinder. Electrically, 
1000 toot 


were required to fit into a 1.6-by- 


) 


7.9-centimetet an image 


brightness of lamberts at a final volt- 


ive of 4000, a viewing time of 30 seconds, and a 
less-stringent characteristics 


number of were 


spe ified 

\n investigation of three possible designs 
showed that one having the envelope shape ol a 
conventional cathode-ray tube would satisfy the 
packaging requirements since the four 


built 


portion of the envelope using minification tech 


Spec ial 


circuits could be around the necked-down 


niques 


ented it th ) ( 1 Devices Meeti 
ton, Distric ol Numbia October 31, 1958 
supported by the Weapons Guid 
Components | iboratories, Directorate 
Wright Air Development Center. The 
this design was initiated under Navy 
Department Bureau of Ships contract NVObsr-64060 


M. Knoll and B 


deve lopme nt 


ind Ele 


Laboratories 


Was 


tron 


riginal work on 


Tubes,” 
tron Physics, volume 8 


New York, New York 


Kazan, “Viewing Storage 
ldvances in Electronics and Ele 
\c idem Press Incorpor ited, 
1956: pages 448-499 
>M. Knoll and B. Kazan, 
Bast Principles,” John Wile \ 
New York New York; 1952 
D. W. Davis, “Characteristics and Application of the 
Storage Tube,’’ Communication and Electron 


17-53; 


“Storage 1 


ind Sons, 


ibes and Their 
Ine orporated, 


latron 
) 


volume pare . March, 1957 ilso, Ele ¢ 
t number 2, pages 93-102; 1958 


Communication, volume 35, 
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Volume 


tubes are 


I. Description of Tube 


The design satisf neg these requirements uses 


L ring-shaped flooding gun anda 


vriting gun that 
the 


the 


are symmetrically placed about the axis of 


tube. The writing gui 


is so positioned that 
writing beam passes through the central opening 


\ dia- 


ihe tube 


} 


in the flooding gun ‘r being deflected. 


eram of the tube is show Figure 1. 


“FRONT CONDUCTIVE 
WALL COATING 


NSULATOR LAYER 


has an aluminized P20 phosphor on the flat face- 


pl ite: a storage screen of 500-wi pe r-inch (20- 


wire-per-millimeter) electroformed copper mesh 


ol 15-percent optical tre having an 


insmissi¢ 


coat o } le gun side ; 


evaporated dielectric 


collector screen of 16-by-3 ire-per-inch 


0.6-by-1.3-wire-per-millimetet knitted tung- 


sten mesh of 92-percent optical transmission ; 


two aquadag electrodes painted on the inner sur- 


the bulb; a 


the flooding gun that is 


face ol metal plate 


the plane ol 
internally connected to 


the rear wall coating: a ring floodi ind a 


9 Il SF oun; 


writing gun. The gun connections are made to a 


9-pin stem on the necked-down section ot the 
envelope and to an 8-pin ring-shaped stem on the 


Che 


connections are made at lead pins on the flood- 


rear shoulder of the envelope remaining 


neg section of the envelope. | : high-volt ive 


COMMUNICATION 





connection is made to the front seal rings, which 


are then potted into an insulating sleeve 


2. Operation of Flooding System 


Conventional flooding systems use a source of 


electrons on the axis of the tube at the focal 


an electron-optical lens, giving a colli- 


the lens. The 


point ot 
mated flooding beam in front of 


optical analogue of this is shown in Figure 2A 


A 


)—Optical an 1 of flooding beam system 


igure 2 


A detailed study of the problem of using the ring 
shaped flooding gun in a design assuring negligi 
ble shading across. the storage-screen area 
revealed that the best approac h was the electron- 
optical analogue of the case shown in Figure 2B. 
Rays from a point source off the lens axis in the 
plane of the focal point of the lens emerge from 
the lens in a parallel beam at an angle to the lens 
axis determined by the distance of the point 
source from the axis. If a ring of such sources is 
used, all ravs are at the same angle 
axis. The electron-optical equivalent of this case 
3. The electrons from each 


is shown in Figure 


/27 DEGREES 


Figure 3—Diagram of ring-gun flooding beam system 


ELECTRICAL 


to the lens 


COMMUNICATION * 


elemental section of the cathode cover the entire 


storage screen area. This is accomplished by 


the asymmetrical anode shown, by 


placing the rear wall electrode of the flooding 


aperture 
section at flooding anode potential, and by a 
special ring-shaped electrode in the central open- 
ing of the ring gun to control the injection angle 
of the inner surface of the ring-shaped beam. 
Che electron lens is a double lens formed by the 
two rear wall electrodes and the front wall and 
screen 


Pable L. 


collector Pypical operating voltages are 


shown in 


rABLE 1 


TUBE WITH 
FLOODING GUNS 


OPERATING VOLTAGES FOR I[ATRON 


COAXIAL WRITING AND 


Phosphor 


Insulator Support Screes 


1000 
Collector Screet 

Forward Wall 

Rear W ill 

Flooding \node 

Flooding Cathode 

Central Cylinder 

Writing-Gun Second Anode 

Writing-Gun First Anode 

Writing-Gun Cathode 


Minimum shading requires that variations in 
both the normal velocity component of the flood- 
ing electrons and the flooding-current density 
over the storage surlace be small. Since, ideally, 
all electrons should be oriented at the same angle 
with respect to the axis of the tube, the normal 
velocity component should not vary appreciably 
over the surface. In practice, after proper ad- 
justment of the potentials of all electrodes, and 
the cvlinder, it is 


that of central 


found that little shading is present. An insulator 


particularly 


transfer characteristic is shown in Figure 4A and 
a flooding gun characteristic in Figure 4B. The 
cutoff potential varies by only a few tenths of a 
volt over the storage surface and, when the tube 
is operated as specified in Table E a phosphor 
current of 670 microamperes is obtained for a 


flooding current of 2.8 milliamperes. 


3. Achievement of Required Viewing Time 


The viewing time is the period required for the 


visible presentation of information stored at 


maximum brightness to fade to cutoff while con- 


tinuous erasing pulses are being applied. When 
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the minimum erasing duty cycle (erasing-pulse erasing pulse frequency 
width times frequency) is used, the viewing time II’ = duty cycle. 

is maximum. he minimum erasing duty cycle eceickt®: Sb isiae Baie dees hie a 1. Wi 
is the condition where the negative charge iii iia Ber ta ciaemiiail tox Ahn Tibia 
deposited on the storage surface just compensates that J; is constant, although, in reality, it is 
for the positive charge resulting from accumula- found that the positive-ion writing rate varies 
tion of positive ions when the insulator potential  ,newhat over the insulator transfer character- 
is just below the cutoff potential of the insulator istic, increasing with the flooding current to the 
transfer characteristic. The erasing pulses are phosphor. As the amplitude of the erasing pulses 


l 


applied to the insulator supporting screen. If the applied to the insulator support screen is in- 


erasing pulse amplitude is increased in steps and — creased, 6 decreases as shown in Figure 5 and 


at each step the erasing duty cycle is adjusted to Wf must be decreased to maintain /, const 


wit. 
maintain the insulator just at 
the cutoff potential (that is, 
just compensating for the posi- 
tive ion current), it has been 
found that the viewing time in- 
creases with increasing erasing 


pulse amplitude. 


CROAMPERES 
N MILLIAMPERES 


The reason for this can be 


N MI 


shown qualitatively from con- 


sideration of the curve of oO 
= oye ae cal ) ) 
INSULATOR VOLTAGE FLO ANODE VOLTAGE 
A 


Insulator transfer characteristic 


secondary emission ratio versus 
bombarding energy below the 


first crossovel! potential, as 

shown in Figure 5. The erasing 
. ( acteris at B. 

current J, required to compen- haracteristic a 


sate the positive ion current 





[51 ! T ae. 
“ = —|NSULATOR- 
CUTOFF 
MAXIMUM 
, BRIGHTNESS 
when l > where / 


oselpiniaiasiescbeanetiesen 
erasing current 


ion current 





16 0 24 . c 36 


SEK ondary emission ratio, 
alwavs less than 1 BOMBARDING VO 


flooding beam current condarv-emission ratio versus boml 


erasing pulse width first crossover potential 


Figure 6—Tube with associated circuits in mount around tube stem 
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result of this decrease in W/7 required 


\s a 


to compensate the positive ion current at the 


insulator cutoff potential, the viewing time in- 
creases as will be shown with the aid of Figure 5. 
The increase in viewing time occurs because the 
difference in the value of 6 between the insulator 
cutoff level and the maximum brightness level de- 
creases as the erasing-pulse amplitude increases. 
This can be demonstrated by considering cases 
A and B in Figure 5. In case A, the erasing pulse 
amplitude is 5 volts while in case 
B it is 18 volts. 
that (Wf). 7 
the 
deposited in the areas written 


From (1), it is 
(Wf) pz. 
current 


seer 
There lore, erasing 
to maximum brightness is 0.25 
(Wf)sJ, in case A, and only 
0.50 (Wfhipl 0.07 (Wf)alp in 
case B. Thus, case-B operation 
permits the longest viewing time 
since less erasing current is de- 


posited at the high light levels. 


{. Filamentary Gettering 


Since viewing time is a func- 
tion of positive ion current, the 
smaller the ion current the longer Figure 7 
the viewing time. Thus, positive 
ion current must be maintained 
at as low a value as possible during the life of 


the tube; the vacuum of the device must be 


as high as possible. A study of a number of 
methods revealed that a technique? developed 
by Langmuir offered the simplest solution to the 
This 


to about 


problem. involved heating a_ tungsten 


filament 2700 degrees centigrade and 
evaporating a film of tungsten on the glass wall 
of the tube. 

The filament is 5-mil (0.127-millimeter) tung- 
sten wire developed for use in projection lamps; 
it is positioned between the ring gun and rear 


The 


evaporated with the entire tube immersed in 


shoulder of the envelope. tungsten is 
water for cooling. Improvements in vacuum of 
3 to 10 times or better have been obtained on a 
number of tubes; the improvement appears to 
depend on how well the filament has been out- 


gassed before the tube is sealed off. Several tubes 


\ icuumMm 


Incorpor 


‘S. Dushman, ‘“‘Scientific Foundations of 
Pechnique,”’ Ist edition, John Wiley and Sons, 


ated, New York, New York; 1949 


page 673 
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were effectively regettered three times before the 


filaments burned out. 


5. Packaging 


The tube was originally designed because of a 
serious packaging problem in a radar indicator. 
A view of the 2.5-inch- (6.4-centimeter-) diam- 
eter tube and the special circuits built around the 
1.38-inch-(3.5-centimeter-) diameter writing-gun 


neck are shown in Figure 6. The final assembly is 


ylinder is 11 


The « 


l 
ong, 


Radar indicator assembly 


(27.9 centimeters 


shown in Figure 7. The indicator mounted in the 
cockpit of an F/O/ fighter airplane is shown in 
Figure 8. 

The design principles of this tube permit fab- 
rication of storage tubes of all sizes with the same 
general form as that of conventional cathode- 
ray tubes. This is most important from a pack- 
aging viewpoint in the case of magnetically de- 
fected tubes. In addition, positioning the writing 
gun on the axis eliminates the trapezoidal dis- 
tortion of storage 


presently available display 


' 
tubes 
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World’s Telephones—! 953" 


rOTAL of 
the beginning of 
crease of 7 800000 in one vear. The 
63 621 000, 


117 800 000 telephones at 


1958 -eflects an in- 


United States, with accounted for 


more than half of the total number of telephones 


in the world. 


[Twelve countries or areas with 25000 or 


fifteen tele- 
Alaska, 


Denmark, 


more telephones also had at least 
phones per 100 population. They were: 
Australia, Canada, Channel Islands, 
Hawaii, Iceland, New Zealand, Norway ‘ Sweden, 
Switzerland, and the United States. 

\ notable 


official 


this year’s report is 
Soviet 


addition to 


information about the Union of 


1958 issue of a booklet pul 
iph Con 
World 


\bridgeme1 I 1 the 
lished by tl mer il lelephone 
pany New York, New York 


le le phone Ss 


lelegr 


The 


entitled 


TELEPHONES IN CONTINENTAI 


68 470 600 


R35 900 


> 845 O00 


35 231 900 


1 663 200 


6 062 700 


690 700 


7 800 000 
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Socialist Republics, which brings to fifteen the 
list of countries with one million or more tele 
phones. 

In general, these statistics reflect the situation 
as of January i. 1958. In the table ol telephones 
bv countries, estimates are shown for those 
places that ordinarily report statistics but that 
did not do so this vear in time for publication 
For countries that have not supplied data for 
five vears or more, the official figures last re 
ported are shown, and estimates for January 1, 
1958 are used in computing continental and 
world totals 
those 


hey 


party 


lelephones included in this report are 
that have access to the general network 


include main telephones (individual and 


line), extension, private branch exchange, publi 


pay telephones, service, and official telephones 


\REAS, JANUARY 1, 1958 


737 200 
§ 600 
600 
600 
00 700 
700 | O00 
100 7 600 


300 cr O8& &39 500 
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1960) 


TELEPHONE BY COUNTRIES AS OI 


JANUAI 


33 22 


4816118 


708 
O34 
600 


900 


78 
945 
047 

153 773 


390 OOO 


te lephon systems of the military forces 
1957 
tly estimated 

1943 (latest official statistics 
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TELEPHONE BY COUNTRIES AS OF JANUARY 1, 1958—Continued 


Type of Operation 
Number of Per 100 Percent 
Telephones Pe ior Automatic 


Government 


EUROPE (Continued) 


Iceland 33 295 66 0 33 295 


Ireland 129 553 71 0 129 553 
Ital 2871 O11 96 ? 871 O11 0 
Liechtensteir 3 205 77 100 0 3 265 
Luxemburg 38 420 5 0 38 420 


Malta and Z 10 112 3 5 0 112 
Mona 7 400 5 0 400 
Nether! 1 318 269 0 69 
Norw:z 2 646 522 54 508 954 
Polan 405 800 5 0 800 


*ortuga 304 937 208 604 333 
inla ‘ 7 153 dd 15.8 126 131(8 022 
) 0 377 


Marit 377 ‘ 
3 1 321 743 910 


0 ) 842 


125 
523 
000 
690 


O55 


a0 


000 
300 


300 
000 


000 
> 600 


300 
41 
119 
333 
0 


195 


350 
R08 
507 

806 
833 


682 

40 
411 
114 
047 


panisn Sa 
Sudan 
Swazilan 


Tanganyika 


196 

34 622 

11 505 
R28 434 
1 045 


ogoian 
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TELEPHONES BY COUNTRIES AS OF JANUARY 1, 1958—Continued 





Number of Per 100 Percent 


Country or Area 
lelephones Population Automatic 


ASIA 
Aden Colony 3518 
Aden Protectorate 0 
Afghanistan 6 500 
Bahrain 2 247 
Bhutan 0 


470 0.78 470 
& OOO 0.04 ) 000 
2 R18 0.06 ( Rik 


Brunei 
Burma 


Cambodia 
Ceylor 30 O17 0.32 ) O17 
China, Mainland 244 028 0.05 O83 
China, Taiwar 51513 0.53 513 


14 584 2.68 584 


74 800 79 0 
334 680 O8 

84 789 10 

64 637 


la 


47 100 

79 998 
3 886 327 d 

15125 & ) ( §,125 
S55 868 


SOS 


> 000 2 000 


550 
40 238 
1 883 
61 736 


550 
238 
R83 
36 


lippine Rep 
Portuguese | 327 
Portuguese imor 458 
748 


§ 452 

> 135 
17 000 
46 S11 


37 150 


13.920 
0 
12 667 


Gilber 
Csuan 


Hawa 


Mariar 

Mar 

Nauru 

New Caledon nd -pendenc 2 900 
New Hebr idominiur 70 


New Zealand 605 224 
Niue Island 73 
Norfolk Island 50 
Papua and New tir 4 343 
Pitcairn Island 0 
Polynesia, Frencl 986 
Samoa, Ame 

Samoa, Western 

Tokelau Islands 

longa (Friendly) Island 
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TELEPHONE CONVERSATIONS DURING 1957 


ot available for all countries 


Data were n 


900 101 100 
6 500 104 S00 
39 OOO 3 340 000 

106 000 1 339 700 

96 400 633 100 


SO Ul 864 400 


178 60 46 
6 OO r 
60) 18 

41 
o9 


14 
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United States Patents Issued to International Telephone and 


November 1. 1958—April 30, 1959 


Telegraph System: 


rWEEN November 1, 
1959, 


B' 1958 and April 30, 

States Patent Office 
issued 144 patents to the International System. 
The athilia- 


tions, listed 


the United 


names of the inventors, company 


subjects, and patent numbers are 


below. 


\dams, 1! TT Laboratories, Aircraft Navi- 
gation Receiver Circuit, 2 864 011. 

\dams Van Vechten, Vl 
wiboratories, \utomati System, 
874 27 

R. R 


communications 


and R. K, 


Puning 


| él¢ 


Circuit 


\igrain, Laboratoire Central de 
(Paris), Calling 
Identification, 2 872 524. 
RR 


communications 


rélé- 
(Paris), Transmission of a 

Derivative Signal by Pulse Code, 2 862 186. 
R. R. Aigrain and M. C. E. Bataille, Labora 
Central 


\igrain, Laboratoire Central de 


toire de ‘Télécommunications 
Paris), Hwvbrid Circuits for Connecting a 
Four-Wire 
Wire Transmission Line, 2 864 901. 

R. R. Aigrain and S. Van Mierlo, Bell Tele 
phone Manufacturing Company (Antwerp), 
\lultiplex Switching Means, 2 862 059. 

\le xander, | | | \lagnetic 
Switching Circuit, 2 881 331 

\lexandet and ] IF, Sullivan, I] I Labora 

tories, Pulse-P 2 861 184. 
\llison, (TT Laboratories, Electric Current 
Rectifier, 2 869 057. 

\rditi, IT 
2 859 417. 
\rditi, [V1 
and High-Q Filters, 2 867 782. 

\rditi, ITT Laboratories, Radio-Frequency 
Circuits, 2 868 966. 
Arditi, ITT 


Electron Discharge Devices, 2 863 093. 


Fransmission Line to a Two- 


Laborator es, 


air Detector, 


Laboratories, Microwave Filters, 


Laboratories, Microwave Lines 


Laboratories, Traveling-Wave 


\ugustin, ©. Lorenz (Stuttgart), Automati 
\ttachment Switch-Over Device, in Particu- 
lar for Teleprinters, 2 865 983. 

W. Augustin, C 

2 864 482. 

Bain, Farnsworth Electronics Company, 


\ultiplier, 2 871 368. 


Lorenz (Stuttgart Page 
Printer, 


G. W 


Image 
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\W. 


\I 


IX. 


(; 


Be 


H. 


M. Barnard, D. S. 
Judd, Standard 
(London Manufacture © of 
Capacitors, 2 861 321. 
H. W. Beck and T. M 
lelephones and Cables 
Discharge Tubes, 2 872 620 
\. Beresford, Standard 
Cables (London), | 
Electrical Interference, 
E. M. and “P. A. Ef. 


Compagnie Générale de Constructions Télé- 


Girling, and N. C. W. 
and Cables 
Electrical 


Telephones 


Jackson, Standard 
London Electric 
lelephones and 
nits for Suppression of 
878 433 

Berger Roussel, 


phoniques (Paris Power-Line Signaling 
Svstem, 2 860 324 
Jerthold, C. Lorenz (Stuttgart), Gun System 
Comprising an lon Trap, 2 859 364 
C. Branch and R. G. Mills, lele- 
phones and Cables (Lor Elec 
trical Code Translating \pparatus, 2 883 469 
Hl. Bray and R. G. Knight, Standard 
phones and Cables (London 
lelecommunication Exchanges, 2 8 


Standard 


Standard 
dol Stati 
Lele- 
\utomati 
42 527 
srewster, lelecommunication 
Laboratories (Londot \lagnetic Recording 
Devi e, Z 868 891. 
S. Brown and T. N. Basnet 
Cables (London 
Grids for Electron 
Buchholtz, Mix & Genest 
the 


Vele- 
Prestressed 
211 
Stuttgart 


rr il 


t, Standard 
phones and 
| ubes, 2? 861 
, Circuit 
\rrangement = for smission ot 
Signals, 2 860 194 

Stutt- 


Buchmann and R. Karolus, C. Lorenz 


. ° ] ) 7 nfs 
gart), Condenser Loudspeaker, 2 872 532. 


(. Busignies, Federal Pelephon ind Radio 

Company, Direction Finder, 2 871 476. 

VV Laboratories, 
Distance Communication System, 2 871 344. 

Busignies, P. R. Adams, G. A. Deschamps, 

M. Pry Non- 

dispersive Infrared Analyzer, 2 866 900. 

\. Deschamps, 
ITT Laboratories, Electronic Spectroanaly- 
sis Computer, 2 866 899 

W. Butterworth, Mackay 
graph \utomati 


2 869 116. 


GG. Busignies, Long- 


and Rogoff, Laboratories, 


Busignies, \l. Rogoff, and G 


Tele- 


for 


Radio and 


Company, ever 


Lifeboat Radio Equipment, 
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Tele- 


Resonator, 


J. W. Butterworth, Mackay Radio and 
graph Company, 
2 878 451. 

N. J. Cafarelli, Jr., ITT 


stereoscopic Systems, 2 865 988. 


Piezoelectric 
Laboratories, Quasi- 


A. M. Casabona, ITT Laboratories, Landing and 
Trathic Control System, 2 878 469. 
M. Casabona, ITT 
Spacing Measuring Apparatus, 2 866 157. 


Laboratories, Time- 
J. L. Culbertson, Kellogg Switchboard and Sup- 
ply Company, Combined Tolland Free-Serv- 
ice Telephone Trunking System, 2 874 224. 

D. Davidoff, ITT Laboratories, Frequency-Shift- 
Keying Circuit, 2 866 161. 

Day, Farnsworth Electronics Company, 
Electron Discharge Device, 2 864 022. 

M. Den Hertog, Bell Telephone Manufacturing 
Company (Antwerp), Electrical Identifica- 
tion or Selection Equipment, 2 884 489. 

M. Dishal, J. S. LeGrand, G. L. Pelligrinelli, 
H. W. Morrow, and J. A. 4 
Laboratories, Control System for Correcting 
Phase and Amplitude, 2 861 177. 

M. J. DiToro, ITT 
cation System, 2 868 882. 

S. H. M. Dodington, ITT Laboratories, 
mitter—-Receiver Tuning System, 2 877 344. 

A. Ducamp and M. den Hertog, Bell Telephone 


Manufacturing Company (Antwerp), Elec- 


Koehler, 


Laboratories, Communi- 


Trans- 


trical Connecting Circuits, 2 862 060. 
J. M. C. Dukes and J. 
phones and Cables (London), Unitary An- 


Kemp, Standard Tele- 
tenna—Receiver Utilizing Microstrip Con- 
ductors, 2 874 276. 

R. J. 


Laboratoire Central de Télécommunications 


Dumousseau and A. E. J. Chatelon, 
(Paris), Systems for Recording and Selecting 
Information, 2 881 415. 

W. Earp, Standard Telephones and Cables 
(London), Electric Signal Communication 
Systems, 2 871 290. 

W. Earp and D. L. 
Telephones and Cables (London), 
Direction-Finding System, 2 860 336. 


Cooper-Jones, Standard 
Radio 


H. Eberhardt, 1 TT Laboratories, Secondary 
Emission Measurement, 2 882 486. 
W. H. G. Eick, C 


matic Tuning of High-Frequency Apparatus, 


Lorenz (Stuttgart), Auto- 


2 878 358. 
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P. Gohorel, Compagnie Générale de Con- 
structions Téléphoniques (Paris), Automatic 
Telephone Systems, 2 882 343. 

P. Gohorel, Compagnie Générale de Con- 
structions Téléphoniques (Paris), Fault Re- 
corder for Automatic Telephone Exchange, 
2 878 328. 


Laboratories, Resonant Cir- 


H. Havstad, ITT 
cuit, 2 875 376. 
M. Heintz, 
a. 


Helmert, © 


Inductor Alternator, 2 866- 


Lorenz (Stuttgart), Circuit 


\rrangement for Light Signals with Two 


Clear Positions in Track Route Interlocking 
Diagrams, 2 864 940. 
\. Henderson, Capehart-Farnsworth Com- 


pany, Information Location — Circuit, 


2375372. 


Matériel 


Péléphonique and Compagnie Générale de 


Henquet and J. J. Perrot, Le 


Constructions Péléphoniques (Paris), ¢ roup 

Selection System, 2 882 344 
C. P. Hinton and F. W. 
national Standard 
Party-Line Electrical 
Systems, 2 868 869. 


Warden, 


Coproration, 


lnter- 
Trading 


Communication 


| ele- 


phone and Radio Company, Intercept Dis- 


L. Horwitz and G. L. Hasser, Federal 


crimination, 2 871 300. 
. L. Horwitz, M. E. Homan, and G. L. Hasser, 
Federal Telephone and Radio Company, 
Line Finder Allotting System, 2 876 287. 
. Fk. Houdek, Jr. and E. J. Braeutigam, Kellogg 
Switchboard and Supply Company, Per- 
manent-Magnet Display Signal, 2 866 965. 
W. Hughes, ITT Laboratories, Pulse Com- 
munication System, 2 866 970. 
W. Hutton, Kellogg Switchboard and 


Digit-Absorbing Selector, 


Sup- 
ply Company, 
2 883 466. 

.W. Hutton, Kellogg Switchboard and Supply 
Company, Mixed-Ringing Party-Line Tele- 
phone System, 2 874 223 

.W. Hutton, Kellogg Switchboard and Supply 
Company, Toll Ringing Arrangements in 
Telephone Systems, 2 871 298. 


. Jacobs, Federal Telephone and Radio Com- 
Method of 
Diodes, 2 867 899. 


pany, Soldering Germanium 
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B. B. Jacobsen, Standard Telephones and Cables 
(London), Distortion Elimination in Radio 
Repeater Systems Employing Frequency 
Modulation, 2 874 273. 

B. B. Jacobsen and I. V. 
Telephones and Cables (London), Measure- 


Feldhusen, Standard 


ment of Group Delay in Electric Communi- 
cation Systems, 2 877 409. 

M. G. Jaenke and H. Mix & 
(Stuttgart), Circuit Arrangement for Inter- 


Reischl, Genest 


communication Systems, 2 883 456. 


J. M. Johnson, Kellogg Switchboard and Supply 


Company, Polarized Magnetic-Operating 
Device, 2 883 589. 

\. Josten, Mix & Genest (Stuttgart), Blocking 
Oscillator for Producing a Harmonic Fre- 
quency Spectrum of a High Output Power, 
2 864 955. 

V. Judy, Kellogg Switchboard and Supply 
Company, Trunk-Test Apparatus, 2 880 283. 
G. Kandoian, [TT Laboratories, Antenna, 
2 875 443. 

G. Kandoian, TTT Laboratories, Tuned 
\ntenna System, 2 866 197. 

.G. Kandoian, [TT Laboratories, Ultra-High- 
Frequency Antenna Unit, 2 860 339. 

and R. A. 

Laboratories, Ultra-High-Frequency 

vision Antenna, 2 860 341. 

Klein and W. 

Traveling-Wave 


cation, 2 871 393. 


Tele- 


GG. Kandoian Felsenheld, 


Lorenz (Stuttgart 
High Amplifi- 


Prize 
Tube ot 


Klepp, Standard Telephones and Cables 


(London Electric Discharge Devices, 
2 S80 350. 

G. F. Klepp and D. Miller, Standard Telephones 
and ( ‘ables { London i Electt ic ¢ raSCOUS Dis- 
charge Tubes, 2 874 324. 

A. Kostriza and P. Terranova, [TT Labora- 


tories, Microwave Transmission — Lines, 
2 877 426. 
\. Kostriza and P. Terranova, [TT Labora- 
tories, Microwave Transmission — Lines, 
2 884 601. 
Manufacturing 


Switch, 


Bell 


(Antwerp), 


KXruithof, Telephone 


Company Crossbar 
2 867 691. 

J. B. Lair, [TT Laboratories, Crystal Semi- 
conductor Device, 2 878 399. 
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J. J. B. Lair, ITT Laboratories, Direction-Finder 
System, 2 861 264. 

*, Larson, Farnsworth Research Corporation, 
Method of Making Double-Sided Mosaic, 
2 874 101. 

C. Lee, Standard Telephones and Cables 
(London), Flexible Connecting Means for 
Anchoring a Submarine Cable to a Repeater 
Housing, 2 877 931. 

G. X. Lens, Bell Telephone Manufacturing Com- 
pany (Antwerp), Indexing Mechanism for 
Mechanical Code Recorders, 2 873 863. 

E. J. Leonard, Kellogg Switchboard and Supply 
Company, Bidirectional Chain of Counting 
Relays, 2 883 588. 

and Sup- 

ply Company, Busy-Verification Automati 


2 874 225. 


J. Leonard, Kellogg Switchboard 


Telephone System, 
I. J. Leonard, Kellogg Switchboard and Supply 

Company, 100-Line Direct-Access Crossbar 
2 871 297. 
Standard Tele- 
Hybrid-T 


Telephone Switching Unit, 

and A. E. Pethick, 
phones and Cables 
Waveguide Structure, 2 8&2 500. 

N. Lewen and H. Oden, Mix & 
(Stuttgart), Circuit Arrangement for Logic- 
ally Handling Procedures that 
Any Time, 2 860 188. 

P. E. Lighty, J. Albanes, and J. H. Gesell, ITT 
Laboratories, Crystal Rectifier and Manu- 
facture Thereof, 2 863 106. 


Lewin 
\ London 


Genest 


Arrive at 


KK. L. Lindsay, Capehart-Farnsworth Company, 
Apparatus for Forming Cathodes, 2 870 315. 
T. Machalek, Farnsworth Electronics Com- 
pany, Piano Hammer, 2 870 665. 
S. Metzger, ITT Laboratories, Multiplex Branch 
Repeater Station, 2 861 128. 
M. L. Miller, Capehart-Farnsworth Company, 
Pulse Selector Circuit, 2 874 279. 
H. Mittag, Mix & Genest 
Destination- Marking 


(Stuttgart), Ar- 
rangement for the 


of Dispatch Container in Transportation, 


2 877 718. 

E. Nashman and G. ITE 

tories, Sweep Voltage Generator, 2 875 334. 
I. Nishio and Y. Yasuda, Nippon Electric Com- 
De- 


Rabow, Labora- 


pany (Tokyo), Traveling-Wave-Tube 
vice, 2 882 439. 

B. J. Norris, Farnsworth Electronics Company, 
Synchronous Clamping, 2 870 259. 
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D. Odell, J. D. 
Harrild, Standard 


Laboratories 


Reynolds, and P. 


(London Electrical Circuits 
Employing Transistors, 2? 860 259. 

(Ta 
Screen Device, 2 877 376. 


R. Ullerv, 
\mplifier 


IX. Orthuber, Laboratories, Phosphor 


| [ I Labora- 


Construction, 


IX. Orthuber and L. 
tories, Radiation 
> $75 350. 


&. KK. Orthuber, C. C. Larson, and G. W. Bain, 
ITT Laboratories, Information Display De 


; a3 
vice, 2 877 371. 


B. Ost. Standard Trading 


Random-Pulse 


International 


( orporation, Counter, 


2 860 286 
Company, 


G. Papp, Capehart-Farnsworth 


\licrowave Electron Discharge Lubes, 
2 870 374. 

G. Papp, Farnsworth Electric Company, Guard 
Ring Diode, 2 877 374. 

S. Phanos, IT] 
Circuits, 2 868 898. 


R. L. Plouffe, {r., 1TT Laboratories, Pulse Com 


2 881 256 


Laboratories, Crystal Filter 


munication System, 
\. J. Radcliffe, Jr., Kellogg Switchboard and 


Supply Company, Multichannel Telephone 


Carrier System, 2 871 293. 
] Radcliffe, Jr and A. 


Switchboard and Supply Company, Tran- 


R. Denz, Kellogg 


sistor Limiter Amplifier, 2 874 312 
Ridler and B. Fk. Armsby, Standard Tel 


communication Laboratories 


Ds 
London 
\rrangements, 2 883 475. 
and D. G. N. 
Pelecommunication Laboratories (London 
Hybrid Balancing Network for a Magnetic 
Recorder, 2 863 003. 


Driving 


D. S. Ridler Hunter, Standard 


Dawkins, Standard 
; Electrical 


P. Robinson and P. R. 
lelephones and Cables (London 
Control Circuits, 2 881 856 
lr. P. Robinson and B. W. Glover, Standard Tel 
phones and Cables Electrical 
Control Circuits, 2 876 861. 

Rogers and W. a Pohl, Standard Tele 
phones and Cables Traveling- 
Wave Tubes, 2 871 392. 

\. Rothbart, IT] 
log Translator, 2 881 419. 


Lorenz (Stuttgart 


London 


1). ¢ 


(London 


Laboratories, Digital to Ana 


J Rottgardt, C Process ol 
\laking 


2 876 129. 


Pransparent Luminescent Screens, 
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M. F. Farnsworth 
Electronics Company, Electron Discharge 
Device, 2 864 020. 

>: Salmon, F. J; L. 
Creed & 


Pelegraph Apparatus, 2 882 972 


Rudnick and loohig, 


Furner, and A. Fk. Burr, 


Company (Croydon Printing 


Electric Company, 


2 874 290 


Samuels, Farnsworth 

Cathode-Follower Oscillator, 

. Seidel, ITT Laboratories, Microwave Switch, 
2 866 167. 

IX. O. Seiler, Suddeutsche Apparatefabrik (Nurn 

, Semiconductor Crystals for Rectifiers 


\lethod of 


berg 


Transistors and Prepara 


and 
tion, 2 864 729. 
Skaraeus and B. G. O 
Radio and Telefon (Stockholm 
ment ina Radar Station, 2 862 203 
Stavis and a Engel, iV 
Omnidirectional-Beacon Antenna, 2 866 194 
Federal 
Switch 


Standard 
\rrange 


Svensson, 


Laboratories, 


\. Stearn, Telephone and Radio 


Company, Control Apparatus, 
2 860 212. 

and | \lortek, 
und Velegraphen Aktienvesellschaft Czeija, 
Niss] & Co. (Vienna Rolled 
2 881 373 

Thomson and E. W 


phones ( ables 


\letal Seals, 2 867 947 


Steiner Standard Telepho 


( apa itor, 


| ele 


Gi iss-lo 


Swift, Standard 
and London 
\pparecchiature per Com 
Standard NNilar 
Combined Telephone Ringing and Inductive 
Coil Arrangement, 2 863 951 


Standard 


lini, EFabbrica 


municaziont Elettriche 


G Treadwell, lelephones 
and Cables 
quency-Modulation Carrier-Wave Systems, 
2 860 185 

Vollenschier, 


\rrangement for 


(London Keyed | re 


\lix & Genest (Stuttgart), Ci 


cuit Pelecommunication 


Systems, in Particular Telephone Systems, 
2 878 320. 
P. von Bergen, Standard Telephones and 
Cables 
Stranded 
2 863 171 
L. Weber, 
(Nurnberg 
Rectifiers 


2 867 550. 


Coating 


Cables, 


(London Apparatus for 


Conductors for Electric 
Suddeutsche Apparatefabrik 
Method of Making Selenium 
Article Thereby, 


and Produced 


> 
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I). Webster, Mackay 
Company, Amplifier Distortion Correction 
2 87/7 423. 

}. Weckerle, Schaub Werke (Pforzheim 
for Krequency- Modulation 


Radio and Telegraph 


System, 

, Control 

Circuit Puning 
Indicator Tube, 2 877 346. 

N. Weintraub, ITT 
Relaying, 2 861 257. 

\. D. White, PTT Laboratories, Gas Tube Micro- 
wave Detector, 2 877 417. 
P. G. Wright and J. Rice, Standard Tele- 


communication Laboratories (London 


Laboratories, Power-Line 


Electric Register and Control Circuit 


Therefor, 2 868 447. 
P. G. Wright and J. 


communication Laboratories 


Rice, Standard Tele- 
(London 
\lessage Registers, 2 865 563. 


P. G. Wright, J. Rice, and D. G. 
Standard 


N. Hunter, 
Laboratories 


Intelli- 


Felecommunication 
London \lethods ot 
vence, 2 871 464. 

I. B. A. Wuyts, Bell Telephone Manutactur- 


ing Company Device 


Recording 


\ntwerp), Having 
Vibrating Reeds, 2 876 445. 

N. H. cer 
Communication within Shielded Enclosures, 
2 866 O88. 

W. HT. D. Yule, Standard 1 elephones and Cables 

2 874 246. 


Young, Jr Laboratories, Radio 


London | lectrical Relavs, 


Electronic Spectroanalysis Computer 
2 866 899 


Rogoff, and = G. 


Hl. G. Busignies, M. 


Deschamps 


\pparatus and circuits for automatically 


determining the quantitative ingredients of a 
complex specimen by infrared spectroanalysis are 
described. A complex waveform is derived from 
the sample and a mixture of waves corresponding 
to the components of the complex wave is com- 
pared with this waveform. From the residual 


difference derived by comparison, the separate 


component waves are adjusted until the mixture 


corresponds with’ the complex waveform 


Systems for Recording and Selecting 
Information 


2 881 415 


R. J. Dumousseau and A. E. J. Chatelon 


1960 © Volume 36 Number 2) ¢ ELECTRICAL 


received at 


random may be routed to a storage device, such 


\ system in which information 
as a magnetic tape, suitable for the partic ular 
category. Each group of information is preceded 
by signals representing a preparatory signal and 
a category-indicating signal. The received groups 
are recorded with the accompanying signals in a 
reading of each signal 


temporary storage. On 


vroup in succession, the preparatory signal pre- 
The 


category-indicating signals then complete the 


pares for operation the category storages. 


connection for storage ol the group 1n the proper 
storage. 


catevory 


Digital-to- Analog Translator 
2 881 419 
\. Rothbart 


Digital information is translated into a voltage 


vector indication representing an angle between 


Chis 


an alternating-current 


0 and 360 degrees. is done by connecting 


source to servomotor 


through a series of phase shifters of differing 


phase characteristics. The pulses representing 


the digital number determine which of the phase 
shifters are to be serially connected and thus the 
rotary position of the servomotor 

Translating 


Static Electrical Code 


{pparatus 
» S83 469 


and R. G. Mills 


\l. C. Branch 


\ coordinate array of magnetic loops is pro- 


vided with wires threaded through the loops in 


two coordinates. The wires are connected to cir- 


cuit elements such that a small current due to a 


low voltage between wire terminals serves to 


produce an increase in the volt ive between the 
terminals. This increased voltage produces suff- 
cient current to magnetize the loop threaded by 


the wire 


Method of Soldering Germanium Diodes 
2 867 899 
B Jacobs 


soldering electrode to i 


A method ot 


germanium diode consists in floating a_ ger- 


manium pellet on a quantity of molten solder in 
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an inert atmosphere to provide a thin layer of 
solder on the pellet, then placing an electrode 
connector on the solder layer and melting the 


layer to bond the connector thereto. 


{pparatus for Coating Stranded Conductors 
for Electric Cables 


2 863 171 
P. von Bergen 


An extrusion head has been designed for 
assuring the separate coating of wires and the 
complete filling of interstices between the wires 
of a multistranded cable. A closing die with a 
tapered bore is provided. The wires of the cable 
pass in separated condition from the large end 
to the small end of the bore, and the plastic 
extrusion chamber opens into the closing die 


between the ends of the bore. 


frrangement in a Radar Station 
2 862 203 


S. C. Skaraeus and B. G. O. Svensson 


A radar station has been designed to operate 
in the presence of jamming signals that, in 
general, do not cover the entire operative range 
of the The the 


continuously scanned 


system. receiver of system is 


over a given frequency 
band to receive the jamming signals and any 
returned radar pulses. The transmitter of the 
system is continuously scanned in frequency 
with the receiver and a radar pulse is auto- 
matically transmitted when the jamming signals 


are not present. 


Long-Distance Communication System 
2 871 344 
H. G. Busignies 

This 


radio energy between two points separated so 


arrangement is for communicating by 
that the horizon intervenes between the points. 
A device, such as a gun, is provided to produce 
a dispersive reflecting zone in the upper atmos- 
phere. The 
pointed at the zone. At one of the stations there 


antennas at the two points are 


is provided a device to detect a change in the 
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character of this zone and to control the device 
to replenish the material in the zone in response 


to a change in character thereof. 


Flexible Connecting Means for Anchoring 


a Submarine Cable to a Repeater Housing 
2 877 031 
Lee 


To prevent relative rotation of the repeater 
with respect to the cable, armour wires are bent 
outwardly and fastened in radial grooves within 
the housing. The cable is also stiffened at its 
point of connection to the housing to prevent 
sharp bends. In these ways damage due to twist 
ing of the repeater housing and bending of the 


cables ts minimized. 


Omnidirectional-Beacon Antenna 


2 866 194 
G. Stavis and J. Engel 


An antenna array has been designed to provide 
good vertical-angle coverage for tacan beacons. 
A normal vertical array of biconical dipoles is 
provided with spacing between the dipoles and 
to them, such as to make the 


energy supply 


principal radiation lobe incline upwardly, for 


Above the 


normal array is another antenna element that is 


example at an angle of 5 degrees. 


separated from the array by a counterpoise. 
This element provides a greater vertical energy 
distribution than the array, and so tends to fill 
in the normal cone-of-silence zone immediately 


above the array. 


Device Having Vibrating Reeds 
2 876 445 
J. M. B. A. Wuyts 


A device for use in telephone signaling having 
vibrating reeds tuned to different frequencies to 
serve as different signals. The separate reeds are 
fastened to the diaphragm of a conventional 
carbon transmitter. Push buttons cause a se- 
lected reed to vibrate, when the diaphragm vi- 


brates at the reed frequency. 
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